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FOREWORD

This report summarizes research conducted under Exhibit A-) of USAF Contract
No, F04611-69-C-0028 from August, 1969, to September, 1970, The research was
performed by the Columbuse La.pratories of Battelle Memorial Institute under the
auspices of the Air Force Rocket Propulsion Laboratory, Edwards Air Force Base,
with Capt, F, M, Cassidy serving as technical manager. The principal investigators
were N, D, Ghadiali, Research Engineer; J. V. Baum, Associate Fellow; and
T, M, Trainer, Project Manager,

This technical documentary report has been reviewed and is approved;

Francis M, Cassidy
Captain, USAF
Project Engineer
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ABSTRACT

An analysis of excessive connector helium leakage indicated that the radjal sealing
forces in the 1/2-, 3/4-, and 1-inch AFRPL stainless steel threaded connectors were
too low to overcome manufacturing variations in the metal-plated secals, A program
was undertaken to investigate three candidate materials for increasing the radial sealing
forces in these three connector sizes, and to reassess the adequacy of the specification
by which the seals were plated, i,e., MILL-P-27418 (USAF), Military Specification,
Plating, Soft Nickel. Selected material properties, including yield strength and corro-
sion resistance, were investigated for cold-worked Type 304 stainless steel, Armco 21-
6-9, and iron-base superalloy 19-9 DL, Preliminary tests were conducted for seal
designa for each material, and verification tests were conducted ifvr seal designs for
Type 304 and Armco 21-6-9 stainless steel. Plating companies were contarted concern-
ing the adequacy of MIL-P-27418 (USAF), It was concluded that the plating specification
is satisfactory if the inspection is done with a 5-power glass. It was also concluded that
modified seal designs utilizing cold-worked Type 304 atainlese stee’ will achieve the
desired performance requirements in the 1/2-, 3/4~, and l-inch connectors and that the
same seal designs utilizing annealed Armco 2!-6-9 will probably achieve the desired
performance requirements, It was recommended that the necessary changes be incor-
porated in the plating and connector specifications,
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SEAL DESIGN MODIFICATION FOR
AFRPL STAINLESS STEEL THREADED CONNECTORS

by

J. V. Baum, N. D. Ghadiali, and T. M. Trainer

INTRODUCTION

In April, 1962, the Air Force Rocket FPropulsion Laboratory began the development
of a family of separable fluid connectors for rocket propulsion systems. Threaded and
flanged connectors, called AFRPL connectors, have been developed incorporating a
unique '"Bobbin'' metallic seal. The prior work has been reported in the foliowing
T echnical Documentary Reports: RTD-TDR-63-1115, December 1963 (AD 426290);
AFRPL-TR-65-162, November 1965 (AD 474789); AFRPL-TR-67-191, July 1967 (AD
817843); and AFRPL-TR-69-97, July 1969 (AD 857062).

The last report describes work conducted under Contract AF 04(611)-11204.
Phase III of that contract was established to provide engineering support during the intro-
duction of AFRPL threaded connectors to industrial and government agencies. During
the introduction period, several 3/4-inch, 4000-psi stainless steel threaded connectors
exhibited excessive leakage when installed at the Air Force Rocket Propuleion Laboratory.
As described in AFRPL-TR-69-97, an examination of this problem showed that the radial
sealing forces in the 1/2-, 3/4-, and 1-inch, 4000-pei threaded connectors were insuf-
ficient to overcome manufacturing variations in the seals. Subsequently: Exhibit A-1 was
established under Contract No. F04611-69-C-0028 to modify the seal designs for the
}/2-, 3/4-, and l-inch, 4000-psi AFRPL stainless steel connectors to provide increased
radial gealing forces. This report describes the results of this additional effort.

PROGRAM ACTIVITIES

The program activities are described in four report sections. The first section
summarizes the background information related to the problem of insufficient radial
sealing forces. The second section describes the investigation of materials for use in
the Bobbin seals to achieve higher radial sealing forces. The third section reviews the
results of preliminery tests conducted with seals made from each of three candidate
materials, while the fourth section describes the tests made to verify the performance
of the selected seal designs.

Bac kgl-_ound Information

Four types of background information are pertinent to this report. The first con-
cerns the development of 4000-psi stainless steel threaded connectors. The second is
related to the excessive leakage caused by insufficient radial sealing forces in the stain-
less steel connectors. The third is concerned with the work done on the leakage problem
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under the previous program (Contract AF 04 [611]-11204), while the fourth concerns a
preliminary inve_ tivation of higher strength seal materisls under that program.

Connector Development

The primary objective of the first program, Contract AF 04(611)-8176, was to
design and evaluate lightweight mechanical connectors that could successfully seal helium
to 2 x 10”7 atm cc/sec in missile-system environments. As a result of this program,
connector design vriteria were established, 2 unique Bobbin seal was conceived, and a
threaded connector incorporating the Bobbin seal, for tubing sizes up to 1 inch, was de-
signed and its feasibility demonstrated. This work is described in RTD-TDR-63-1115.

A subasequent program, Contract AF 04(611)-9578, was initiated to design families
of threaded-type tube connectors and to demonstrate their ability to meet the extreme
requirements of missile fluid systems. Elbows, tees, crosses, and unions made from
Type 347 atainless steel, René 41, and 6061-T6 aluminum were designed for standard
tubing sizes ranging from 1/8 to 1 inch, and limited qualification tests were performed
with selected connector configurations for 3/8-and 3/4~inch tubing systems. Prelimi-
nary MS standards and specifications were prepared for selected sizes of 4000-psi
stainless steel connectors and for 1000- and 750-psi aluminum connectors. This effort
is described in AFRPL-TR-65-162.

Two concurrent efforts were then initiated. In one effort, the Air Force Rocket
Propulsion Laboratory reviewed the preliminary standards and specifications, purchased
a number of 4000-psi stainless steel connectorse, conducted qualification tests with many
of the connectors, provided connectors te various facilities for evaluation, and published
MS etandards and specifications. (Copies of the MS standards for 4000-psi gtainiess steel
connectore are included as Appendix I of this report.) The reaults of the experimental
work at the Rocket Propulsion Laboratory are summarized in Technical Report No.
AFRPL-TR-69-98, entitled '"Tube Connector Development', by Lt. A. B. Spencer,
dated July 1969.

Concurrently with the work at the Rocket Propulsion Laboratory, a three-phase
program was conducted by Battelle-Colurnbus under Contract AF 04(611)-11204. Under
Phase I, which is described in AFRPL-TR-97-191, a process was selected for achieving
a softer sealing surface for 6061-T6 aluminum seals. Under Phase II, effort was di-
rected toward the development of flight-weight stainless steel and aluminum flanged-type
separable connectors utilizing the Bobbin seal for tubing diameters from 1 through
16 inches. Phase IIl included support for the Rocket Propuleion Laboratory during the
introduction of stainless steel threaded connectors to industry, and the investigation of
mutually selected aspects of threaded connectors. The effort on Phases II and III is
described in AFRPL-TR-69-97,

Excessive Leakage With Stainless Steel Seals

Beginning in 1967, three events occurred which showed the need for in:proves
initial sealing in the 3/4- and ] -inch, 4000-psi stainless steel AFRPL threadea
connectors.

In the first event, twenty 3/4-inch conneciurs were installed in a liquid-hydrogen
system at the Rocket Propulsion Laboratory. Tlus installation was part of the effort by
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the Rocket Propulsion Laboratory to obtain information concerning the use of AFRPL
threaded connectors by various agencies and laboratories. Five of the 20 connectors
leaked badly. Because leakage of this extent had not been encountered in the develop-
mental testing of the connector, three of the connectors and the seals from the other two
connectorsg were forwarded to Battelle-Colurmbusg for analysis.

In the second event, personnel at the Rocket Propulsion Laboratory decided to con-
duct misalignment tests with threaded connectors. Although a misalignment test had not
been part of the development tests of the threaded connectors, the test had proved to be
beneficial in evaluating flanged connectors, and similar tests were conducted with
3/4-inch, 4000-~psi stainless steel threaded connectors at the Rocket Propulsion
Laboratory. It was found that satigfactory initial sealing was often not achieved in these
misalignment teets.

In the third event, near the end of Contract AF 04(611)~11204, satisfactory sealing
could not be maintained during the thermal-gradient testing of the 8-inch, 1500-psi
stainless steel flanged connector. Although the seals used in this connector were much
larger than the seals used in the threaded connectors, the radial sealing forces for the
flanged and threaded connector seals were similar.

Lea.kage Investigation Under Contract
AF 04(611)-11204

During the latter months of Contract AF 04(61!)-11204, considerable work was
done in relation to the excessive leakage that had been encountered with stainless steel
threaded and flanged connectors, Seals were inspected before assembly to note the type
of imperfections on the sealing surfaces; seals were assembled with different sealing
pressures (by changing the strength of the seals); leakage tests were conducted; and
gseals were inspected after disassembly to note the ability of the different sealing forces
to overcome the different types of sealing-surface imperfections.

As a result of this work, it was concluded that most of the leakage for the threaded
and the flanged stainless steel connectors occurred because the sealing forces were
ingufficient to overcome manufacturing variations in the sealing surfaces of the seals.

For 4000-psi stainless steel threaded connectors, it was concluded that the seals
required a minimum sealing pressure of about 6 times and an average sealing pressure
of about 7-1/2 times the yield strength of the soft nickel used to plate the seals. These
pressures were required to overcome the plating pits, nodules, and ripples that seem
to be associated with the plating state of the art. It was also concluded that a sealing-
surface width of 0. 020 inch was desirable to seal around edge nicks and small plating
imperfections. The yield strength of soft nickel is approximately 10,000 psi. There-~
fore, the seals had to achieve radial sealing forces ranging from a minimum of about
1200 1b/in. of seal circumference to an average of about 1500 1b/in. of seal
circumference.

Calculations and tests made at the Rocket Propulsion Laboratory and at Battelle-
Columbus showed that seals made according to the MS gtandard (MS 27855 ~ see
Appendix I) and the plating specification, MIL~P-27418(USAF), were satisfactory for
1/8-, 1/4~-, and 3/8-inch seals. (A copy of the plating specification is included as
Appendix 11 of this report.) For 1/2-inch seala, the radial sealing force was somewhat
low, and for 3/4- and l1-inch seals the radial sealing forces were significantly low.
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_S_ﬂl Material Investigation Under Contract
AF 04(611)-11204

Because extensive effort had been expended on tests with the existing connector
dimengions and on preparation of the existing MS standards, it was highly desirabile to
achieve increased radial sealing forces with as few dimensional changes as possible. A
preliminary study under Contract AF 04(611)-11204 showed that three materials were
promising for achieving higher radial sealing forces in the 1/2~, 3/4-, and l-inch seals:
(1) cold-worked Type 304 stainless steel, (2) 19-9 DL stainless steel, and (3) a rela-
tively new stainless steel by Armco called 21-6-9,

Type 304 stainless steel (hereinafter referred to as 304) isa capable of being cold
worked to very high yield strengths. In fact, the major problem with the material
appeared to be the wide range in yield strengths for cold-worked bars. Although a
100 percent increase in tensile yield strength, as compared to the annealed material,
wag desirable, tests showed that a 200 percent increase in yield strength would damage
the plain flange of the l-inch connector, Yield-strength increases up to 300 percent
are possible in cold-worked 304. Since the maximum yield strength of cold-worked bars
ie not normally specified nor controlled, the problem of limiting the maximum yield
etrength of the material had to be determined.

The second candidate, 19-9 DL, is an iron-base superalloy. It has an ideal yield
strength (70, 000 to 85,000 psi), and appeared to be readily available. Although an
examinationof the compoasition of 19-9 DL indicated that it would be sufficiently corro-
sion resistant, few data existed for its exposure to rocket propulsion fluids. The lack
of corrosion data appeared to be the biggest problem with 19-9 DL.

The third candidate, 21-6-9, is an anustenitic stainless steel. Although its corro-
sion resistance to rocket propulsion fluids was not known, its composition indicated that
it would be similar to Type 316 stainless steel. The biggest problem with 21-6-9
appeared to be the fact that the annealed tensile yield strength was not very high
(50,000 to 60,000 psi). While this was some improvement over annealed austenitic
stainless steel, it was not as much as desired. Another problem was the fact that there
was only one supplier, and 21-6-9 was not readily available in the bar sizes of interest.

Thus, at the conclusion of Contract No. AF 04(611)-11204, there were aspects
about each candidate seai material that needed further investigation. It was recommended
that the properties of the candidate materials be studied further, and that seals of each of
the materials be designed and tested. It was also recommended that this information be
used to select the optimum seal design, and that qualification tests be conducted for the
selected design.

Investigation of Seal Materials

The investigation of seal materials under Contract No. ¥04611-69-C-0028 consisted
of three types of efforts: (1) further investigation of selected properties of the candidate
seal materials, (2) investigation of the corrosion resistance of the candidate seal
materials, and (3) reassessment of the nickel-plating quality as required in
MIL-P-27418{(USAF).
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Selacted Properties of Candidate
Seal Materials

Table I shows the properties of the candidate seal materials which are important to
the successful performance of the threaded connectors. The properties for the connector
material, Type 347 stainless steel, are also shown. No problems were envisioned for
any of the candidate seal materials from the standpoints of coefficient of thermal ex-
pansion, machinability, or cost. Possible problems of corrosion compatibility with
rocket fluids existed for two of the seal materials, and the results of an experimental
investigation of their corrosivn resistance are described in the next report section.

Other problems existed from the standpoints of yield strength and material availability.
These are discussed for each candidate seal material.

TABLE I. SELECTED PROPERTIES OF CONNECTOR MATERIAL AND CANDIDATE SEAL MATERIALS

o ——

Connector Material, Candidate Seal Materials
Selected Annealed Austenitic Cold -Worked Aus- Annealed Austen- fron-Base
Material Stainless Steel, tenitic Stainless itic Stainless Superzlloy,
Property Type 347 Steel, Type 304 Steel, Armco 21-6-9 19-9 DL
Tensile
Yield Strength at
T0F, ksi 35 - 50 50 - 120 50 - 85 70 - 100
Coefficient of .
Thermal Expansion, 108
in./in./ F 9.3 9.6 9.3 10
Machining
index 50 40 45 40
Compatibility
with Rocket
Fluid Systems Very good Good Unknown Unknown
Approximate
Cost, $/1b 0.75 0. 50 0.75 1.00
Available
Forms . Sheet, plate, Sheet, plate, Sheet, bar, Sheet, bar,
bar bar, tubing wire tubing
— — = —— . —3

Type 304 Stainless Steel. On the basis of preliminary work done under Contract
AF 04(611)-11204, it was thought that the yield strength of most cold~rolled 304 bar
ranged,from about 70,000 psi to about 100,000 psi. With this range, it appeared that the
same dimensions could be used for seals made of 304 as for seals made of 19-9 DL,

However, more extensive contacts with manufacturers and suppliers under Con-
tract No. F04611-69-C-0028 showed that th.e most common cold-worked bar stock avail-
able is annealed and cold rolled. The yield strength of the material in a given bar
depends on the yield strength of the original billet and on the amount of cold-work reduc-
tion used to get the finished bar size. For the l-inch bass that are required for the
3/4-inch seals, and for the 1-1/4-inch bars that are required for the 1-inch seals, the
yield strength of stock normally available on an odd-lot basis from a supply house ranges
from about 50, 000 psi to about 100,000 psi, with the majority of the stock ranging from
about 5%, 000 psi to about 85, 000 psi.




Unfortunately, a 30,000-psi range of yield strength is too great for a good seal de-
sign. If the seal were designed for a minimum radial sealing force with 55, 000-pei
stock, the use of 85 000-psi stock would damage the 1-inch plain flange. On the other
hand, if the seal were designed for a maximum radial sealing force with 85,000-pei
stock, the radial force with 55,000-psi stock would be too low.

The decision was made to select 50,000 and 70,000 psi as the minimum and maxi-
mum allowable tensile yield strengths, respectively, for seals made of 304. This decision
was based on the fact that it was estimated early in the pregram that the effective com-
pressive yield strength of cold-worked 304 was sufficiently high that the dimensions in
MS 27855 cculd be used for 304 seals made of materials with these tensile yield strengths.

It was realized that the selection of yield-strength limits of 50,000 and 70, 000 psi
might require a purchasing agent to contact four or five suppliers to obtain satisfactory
stock. However, this was judged to be acceptable. In the unlikely event that satisfactory
stock could not be obtained at a given time, two courses of action could be taken. First,
a larger size bar could be purchased with a resulting increase in cost for material and
machining. This was thought to be acceptable for small quantities of geals. For larger
seal quantities, 500-pound minimum orders could be placed for the required yield-
strength range. There would normally be a time delay on such orders of 60 to 120 days,
depending on the production plans at the mills. It is common practice to add such orders
to a larger order so the material can be included in a future billet. When the yield
strength of the billet has been determined, it is possible to estimate the amount of cold
work needed to obtain an acceptabie bar size and yield strength for the partial order.

Armco 21-6-9 Stainless Steel. During the work under Contract AF 04(611)-11204,
it was thought that the lower yield-strength range of 21-6-9 as compared to that of
19-9 DL (see Table I) posed a problem in designing 3/4- and 1l-inch seals with sufficient
radial sealing forces. Work under Contract No. F04611-69-C-0028 showed that satis-
factory strength could be achieved in these seals if material was added to the seal disks
as well as to the seal tang.

Further discussion with Armco did show, however, that very little 21-6-9 bar stock
was being made. Apparently the primary use of 21-6-9 was in sheet and tubing forms.
Armco personnel said that minimum orders of 500 pounds would be filled within a few
weeks, and the Technical Manager decided that this situation would not be prohibitive.

On the other hand, it was apparent that an alternative seal material would be highly

desirable. ~

Iron-Base Superalloy 19-9 DL. During the work under Contract AF 04(611)-11204,
the only possible problem envisioned for 19-9 DL wag one of insufficient corrosion resis-~
tance in rocket fluid systems. The material was originally developed for use in jet
engines and no known data were available concerning ite performance in rocket fluids.

However, as a result of more detailed investigations under Contract No. F04611-
69-C-0028, a problem of availability developed with 19-9 DL. It was found that newer
materials, such as 17-4 PH, were sufficiently more desirable to users of high-strength
stainless steel that supply houses had decided to stop stocking 19-9 DL. It was possible
to obtain enough material to make seals for the program, but it was estimated that within
a year all 19-9 DL material would have to be ordered directly from a mill. While the
material would not be impossible to obtain, significant time and cost penalties would be

incurred for small-lot orders.
6




s

Wi

Pl 27 st i

.. T

st R il o

Corrosion Resistance of the Candidate
Seal Materials

Because of the unknown corrosion resistance of 21-6-9 and 19-9 DL to rocket
fluids, a. program was conducted by the Liquid Rocket Division of the Air Force Rocket
Propulsion Laboratory to compare the corrosion resistance of these materials with the
corrosion resistance of 304. Data from this investigation were to be used in the selection
of a material for improved Bobbin seale under Contract F04611-69-C-0028.

Appendix III contains a coby of a Technical Memorandum, AFRPL-TM-70-8, that
summarizes the preliminary reaulits of the corrosion investigation. It was decided that
two fluids, nitrogen tetroxide (NZO4) and chlorine trifluoride (C1F3), were representa-
tive of the fluide used in rocket fluid systems. It was known that the corrosion resistance
of 304 was satisfactory, and it was decided that the exposure of all three candidate seal
materials, 304, 21-6-9, and 19-9 DL, under identical conditions would give data con-
cerning the relative performance of the two ''new'' materials. Because the Bobbin seals
are nickel plated, the effect of plating on corrosion resistance was investigated by ex-

posing plated and unplated specimens.

To quote from the Results and Discussions section of AFRPL-TM-70-8:

"*It appears from data gathered in the past three months, that the
three types of stainless steels in the unplated condition are compatible
with N;O, under the test conditions described. The nickel-plated
coupons, however, are considered incompatible due to the formation of
the lime-green nickel nitrate corrosion product. . . . It appears so far
that the three candidate stainless steels are compatible with C1F; in
both the plated and the unplated conditions. "

Reassessment gf MIL-P-27418 (USAF), Military
Specification, Plating, Soft Nickel

Because the sealing problems being investigated under Contract FO4611-69-C-0028
were concerned with the forces needed to overcome imperfections in the nickel plating,
part of the effort was directed toward a reassessment of the specification by which stain-
less steel Bobbin seals are plated. This specification, MIL-P-27418 (USAF), appears

in Appendix II.

Letters were sent to 49 plating companies that were thought to be candidates for
bidding to the requirements of MIL-P-~27418 (USAF). A copy of the specification was
enclosed with each letter, as was a nickel-plated Bobbin seal. Each company was asked

to comment on the adequacy of the specification, on their ability to plate according to the
specification, and on their willingness to bid in response to a request for quotation. The

replies were as follows:
{(a) No experience with nickel sulfamate plating 21
(b) Cannot plate t» MIL-P-27418 3

{c) Plate plastic parts only
(d) Can plate to specification; will quote 4

{e) Can plate to specification; will not quote
7
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{(f) Do not plate on contract bagis

(g) Plate industrial components only
{h) No reply 10

On the basis of the investigation, it was concluded that the specification is adequate.
The candidate seal materials are platable and the desired hardness, thickness, and ad-
hesion can be obtained. (It was recommended in AFRPL-TR-69-97 that the inspection
required in the specification be conducted with a 5-power glass.) It is probable that
some problems might be encountered the first time an order is placed, as familiarity
with handling of the seals is being gained.

The five companies (including the company that plated the experimental seals) that
can be asked to quote on a plating purchase order are:

Allied Metal Finishing
4004 East Monument Street
Baltimore, Maryland 21205

Cambridge Plating Company, Inc.
39 Hittenger Street
Belmont, Massachusetts 02178

Lancaster Electro Plating Company
Lancaster, Ohio

Orbit Electric Company, Inc.
Montana Road
Phillipsburg, New Jersey 08865

Precision Plating Company
6045 North Keystone Avenue
Chicago, Illinois 60646

Preiiminary Test Program

Consideration of the differences of the candidate seal materials led to the selection
of certain connector performance requirements as being the most critical for sach seal
material. These critical performance requirements were used to establish preliminary
tests which could be used to assist in the selection of the best seal material.

A summary of these preliminary tests, which is shown in Table II, was included
in the work statement. The tests were established on the basis that 21-6-9 might be
selected for all three seal sizes, while 304 and 19-9 DL, with their high yields strengths,
were candidates only for the 3/4- and l-inch seals.

The preliminary test program consisted of three parts: (1) the design and fabrica-
tion of the test scals, (2) the conduct of the preliminary tests, and (3) the selection of
the best seal material and design for verification testing.




TABLE II. PRELIMINARY-TEST SUMMARY

Test: Axial J.oad Thermal Gradient Vibration Misalignment
Seal Size, in: 1/2 3/4 1 172 3/4 1 1/2 3/4 1 1/2 3/4 1

Material
19-9 DL
Min Yield
Max Yield

21-6-9
Min Yield
Max Yield

304
Min Yield
Max Yield

Seal Design and Fabrication

The design and fabrication aspects for each of the candidate seal materials are
discussed.

Iron-Base Superalloy 19-9 DL. One of the most attractive features about 19-9 DL
wag the fact that the minimum tensile yield strength required by the military specifica-
tion on the material was 70,000 psi. This value gave a calculated radial sealing force
of about 1260 and 1220 1b/in. of seal circumference for the 3/4- and l-inch seals, re-
spectively, when used with the dimensions in MS27855. This compared very favorably
with the desired minimum of about 1200 1b/in. of seal circumference. This indicated
that no change in the specification dimensions would be required for 19-9 DL..

On the basis of telephone calls to supply houses concerning available stock (of which
there was very little), a practical maximum yield strength of 90, 000 pei was selected.
Using the dimengions in MS27855, the radial sealing forces for the 3/4- and l-inch seals
with 90, 000-psi material were calculated to be 1620 and 1570 1b/in. of seal circum-
ference, respectively. The value for the l-inch seal was well under the 2300 lb/in. of
seal circumference established under Contract AF 04(611)-11204 as the maximum radial
sealing force possible for the 1-inch plain flange.

It was known from work under Contract AF 04{611)-11204 that the effective com-
presegive yield strength was 50,000 psi for austenitic stainless steel with a certified
tensile yield strength of 35,000 psi. This was caused by the large amount of strain
created in the seal during seal seating and deformation. Stress-strain curves for
19-9 DL were studied to obtain an estimate of the effective compressive vield strength
for this material. It was estimated that the tengile yield strengths would be increased
about 7000 psi. Table III shows the radial sealing forces calculated for the 3/4~ and
l-inch seals using the estimated minimum and maximum effective compressive yield
strengths.




? TABLE 1lf. NOMINAL RADIAL SEALING FORCES FOR 19-9 DL SEALS CALCULATED
- USING DIMENSIONS IN M527885 AND ESTIMATED EFFECTIVE
- COMPRESSIVE YIELD STRENGTHS

: A B
: Tenslle Yield  Esminated Nominal  Caloulated Radial sealing .
Tubing _Strength, 0,2% Cotnpressive Yield Force Using B, 1b/in.
Size, In. Offset, ksi Swength, ki of real circumference
. 3/4 70.0 1.0 1382
| 3/4 90.0 91.0 1742
! 1 70.0 11.0 1348
1 90,0 8.0 1682

It was not posaible to buy bar stock for the 19-9 DL aseals with tensile yieid
strengths of 70,000 psi and 90,000 psi. To simulate these materiale, the certified ten-
sile yield strengths for the available materials were used to estimate their effective
compressive yield strengths. The ratios of the estimated actusl compregaive yield
strengths to the nominal compressive yield strengths were then used in the radial-
sealing-force calculation to determine the amount of material that should be added or
subtracted from the seal ingide diameters. Table IV shows the inside diameters for the
19-9 DL seals used in the preliminary tests.

TABLE V. MODIFIED INSIDE DIAMETERS OF 19-9 DL SEALS USED IN PRELIMINARY TESTS

A B C
Estimated Nomi - Certified Ten- Estimated Ac-~ Modified Seal
Tubing nal Compressive sile Yield tual Compres~  Nominal ID to Simu-
Size, Yield Strength, Steength of Pur- sive Yield Seal ID, Late A,
in, ksi chased Matl., ksi Sweogth, ksl in, in,
3/4 7.0 16.0 83.0 0.612 0. 688
3/4 9.0 80.0 96.0 0.672 0. 569
1 17.0 76.0 83.0 0.744 0. 762
1 9.0 84.0 91.0 0.744 0.130
o RS

Armco 21-6-9 Stainless Steel. The poor availability of 21-6-9 was emphasized by
[ the fact that only one bar of n ateriai could be obtained during the experimental program.
‘ This was the case despite repeated telephone calls to the supplier and the mill, and
despite a willingness to accept oversize stock in the interest of obtaining bars with dif-
ferent yield strengths.

The bar that was obtained had a certified tensile yield strength of 60,000 psi. The
bulletin from Armco on 21-6-9 lists 57,000 as the average tensile yield for 1-inch bars.
Discussions with Armco personnel led to the selection of 50,000 psi and 70, 000 psi as
the minimum and maximum tensile yield strengths to be expected in normal production
lots of annealed 21-6-9 for bar sizes from 3/4-inch (for the 1/2-inch seals) to 1-1/4-inch
(for the l-inch seals).

Ag described in AFRPL-TR-69-97, considerable work had been done under Con-
tract No. AF 04(611)-11204 with 21-6-9 seals made from a bar of material having a
certified tensile yield strength of 57,500 psi. On the basis of measured radial sealing
forces for the seals, that material exhibited an effective compressive yield strength of
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about 65,000 psi. Combining this information with a study of stress-strain curves of
similar materiale, it wag estimated that the tensile yield strengths of 21-6-9 should be
- increased about 5000 psi to obtain the effective compressive yield strength, ‘J

O Table V gives the radial sealing forces calculated for 1/2-, 3/4~-, and l-inch seals
. made to the dimensions of MS27855 using the minimum and maximumn estimated effective

compressive yield strengths. It can be seen in Columnn C that the radial sealing forces

with the minimum-yield-strength mazterial were less than the desired minimum of

1200 lb/in. of seal circumference for all seal sizes.

TABLE V. NOMINAL RADIAL SEALING FORCES FOR 21-6 -9 SEALS USING SPECIFICATION
DIMENSIONS AND MODIFIED SPECIFICATION DIMENSIONS

A B C n
Calculated Radial Calculated Radial
Estimated Effec- Sealing Force Using Sealing Force Using
Tubing Tensile Yield tive Compressive 8 and Spec Dimen- B and Modified Spec
Size, Swength 0.2% Yield Strength, sions, 1b/in. of Dimepsfons, 1b/in,
in. Offset, ksi kel seal circumference of seal circumference
1/2 50.0 5.0 1102 1246 ;
172 70.0 5.0 1504 1698 !
3/4 §0.0 85.0 986 1256 \
8/4 70.0 5.0 13¢8 1712 '
1 50.0 $6. ¢ 965 1220 ;
1 70.0 16.0 1316 1666 3

T — — t
i

To increase the amount of material in the seals while minimizing the effect on the i
dimengions of MS27855, it was decided that only the thickness of the seal disks and the
length of the seal tang would be increased. Table VI shows the original and modified
values for these dimensions. Column D in Table V shows the radial sealing forces cal-
culated using the modified dimensions and the estimated cffective compressive yield
strength.

TABLE VI. MODIFICATION OF SEAL DIMENSIONS IN MS27856 FOR 21-6-8 SEALS
oy —

Tang jeagth, in, Disk Thickness, in.

N meg gy gy, e e £ en o

‘h

o

1/2-inch Seal
Specification dimensfon 0.150 0.027
Modified dimemsion 0.160 0.035
3/4-inch Seal
Specification dimension 0.1560 0.027
Modified dimension 0.180 0,036
1 -inch Seal
Specificstion dimension 0.150 0,027
Modffled dimeasfon 0.180 0. 040

As with the 19-9 DL seals, it was necessary to modify the inside diameters of the
test seals so the minimum-compressive-yield-strength material (55, 000 psi) and the
maximum-compressive-yield-strength material (75,000 psi) could be simulated with the
available material which had an estimated compressive yield strength of 65,000 psi.
Table VII shows the modified inside diameters of the 21-6-9 seals used in the preliminary
tests.
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TABLE VIi. MODIFIED INSIDE DIAMETERS Of 21-6-8 SEALS
USED IN PRELIMINARY TESTS

B
A
Tubing Estimated Nominal Estimated Actual Nominal Modified Seal ID
Sige, Compeessive Yield Compeessive Yield Seal ID, to Simulate
in. Strength, kef Strength, ksl in, A, in,
172 $56.0 66.0 0, 382 0, 406
1/2 76.0 656.0 0,382 0. 368
/¢ 55.0 65.0 0.8572 0.602
3/4 15.0 85.0 0.572 0. 542
1 §5.0 65.0 0.744 0,781
1 16.0 656.0 0,744 0.707(a)

=

(a) The load test seals were inadvertently made without increased tang and disk thickness.
The load~test reawits were valid, however, as an experimental check on the calculated
radial sealing forces for seals made to the dimemsions in MS27856~ see Column C in
Table V.

Type 304 Stainless Steel. As described previously, minimum and maximum
tensile-yield-strength values of 50,000 and 70,000 psi were selected for annealed and
cold-rolled 304 bars. An examination of the stress-strain curves for 304 materials
showed that a considerable increase in yield strength occurred for the amount of strain
estimated to occur in the Bobbin seals of the threaded connectors. On the bagis of this
information, it was estimated that the effective compressive yield strength of the mate-
rial in the Bobbin seals would be from 23,000 to 25,000 psi higher than the tensile yield
strength. As shown in Table VIII, it was estimated that seals made to the dimensions
given in MS27855 would provide adequate radial sealing forces.

TABLE VIII. NOMINAL RADIAL SEALING FORCES FOR 304 SEALS USING DIMENSIONS IN
MS27866 AND ESTIMATED EFFECTIVE COMPRESSIVE YIELD STRENGTHS

E o o

A B Cajculated Radial
Tubing Tenslle Yield Suvengh, Estimated Fffective Com- Sealing Force Using
Size, 6. % Offiet, pecoaive Yield Steength, B, Ib/in, of seal
in, ksd ks circumfesence
3/4 50.0 5.0 1348
3/4 70.0 93.0 1672
1 80.0 16.0 1316
1 10.0 3.0 : 1634

EARACCAS T

Two bars of cold-rolled 304 were selected for the preliminary tests. One bar had
a certified tensile yield strength of 54,000 psi, while the other bar had 2 certified tensgile
yield strength of 77,500 psi. Table IX shows the effective compressive yield strengths
estimated for these materials and the modified inside diameters selacted to simulate
the nominal minimum and maximum effective compressive yield strengths.
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TABLE IX. MODLFIED INSIDE DIAMETERS OF 304 SEALS USED IN PRELIMINARY TESTS

. A B C
Certifiad Ten-
Estimated Nominal sile Yield Estimated Ac- Modified
Tubing Compressive Yield strength of tual Compres-  Nominal Seal D to

Size, Strength, Puschased Ma - sive Yield Seal 1D, Simulate A,
in. ksi terial, kal Strengrh, ksi in, in,

3/4 16.0 64.0 79.0 0. 672 . 581
3/é 3.0 7.5 100.0 0.5672 0, 685

1 16.0 64.0 19.0 0.744 0. 786

1 9.0 7.6 100.0 0.744 0,760

Preliminary Test Results

As shown in Table 1I, the preliminary experimental evaluation of the three candi-
date speal designs consisted of four types of tesis: (1) load tests, (2) thermal gradient
tests, (3) vibration tests, and (4) misalignment tests. The procedures and results for
each type of test are discussed briefly.

Load Tesgts. Seals of each design were load tested to determine whether the de-
sired radial sealing forces were obtained. Each test was conducted in a Universal

. testing machine. Each seal was seated with one disk in a plain flange and one disk in a
strain-gaged load ring. As each seal was seated, the axial force needed to seat the
seal was measured by the Universal testing machine, and the radial sealing force
created by the seal was calculated from the strain measured in the strain-gaged load

- ring. (The load ring was simply a ring of high~-gtrength steel placed around one seal
disk. As the seal disk pressed against the inside diameter of the load ring as a ree' 't
of the seal peating action, strain gages on the outside diameter of the load ring measured
the strain in the load ring.)

Table X shows the results of the tests, which were made on seals of the degigne
listed in Table II Preliminary-Test Summary. The results for the 19-9 DL seals showed
that the effective compressive yield strength of the material was somewhat higher than
that estimated from the literature. In fact, since the strength of the l-inch plain flange
is limited to about 2300 1b/in. of seal circumference (as determined under Contract
AF 04{611]~-11204), the tests showed that 90, 000 psi is the maximum tensile yield
strength that can be accepted for seals machined from 19-9 DL to the dimensions
of MS27855,

Overall evaluation of the 21-6-9 load-test results indicated that the seal designs

~ were satisfactory. Although the strain-gaged load ring for the 1/2-inch 21-6-9 seals

. yielded during the preliminary load tests, the measured radial sealing forces for the
3/4- and 1-inch seals were very close to the calculated values and it was judged that the
values for the 1/2-inch seals would have been as close. This judgment was strengthened
by the similarity of the average maximum axial force per inch of geal circumference re-
guired to seat the 1/2- and 3/4-inch seals. For the 1/2- and 3/4-inch seals simulating a
tensile yield strength of 50,000 psi, these values were 750 and 870 1b/in. of seal circum-
ference, respectively. For the 1/2- and 3/4-inch seals simulating a tensile yield
strength of 70,000 psi these values were 1000 and 1100 1b/in. of seal circumference,
respectively.

13




TABLE X. PRELIMINARY LOAD-TEST RESULTS FOR THR CANDIDATE SEAL DESIGNS

P

Calculated Max- Measured Maxi- .-
Available(®)  Maximum Mes-  imum Radia) mum Radlal !
Tubing Simulated Axial sured Axial Sealing Force, Sealing Force, “
Seal Size, Tensile Assembly Seating Ib/in, of seal Ib/in, of seal ot
Material in. Yield, ksi Force, 1b Force, b circumference circumfereuse i
- - —_ {
2730 1300
19-9 DL 3/4 70.0 5610 2200 1382 1740
2730 1840
2820 1860
19-9 DL 3/4 90.0 §510 2920 1742 2000
3030 2100 |
2940 2090 ;
3210 1260
19-9 DL 1 70.0 8764 3780 1343 1420
3090 1300
3540 1610
19-9 DL 1 90.0 8764 31820 1382 1920
3860 2010
1500
21-6-9 1/2 50.0 2800 1560 1246 (b)
1530
1980
21-6-9 1/2 70.0 2800 2200 1698 (b)
1880
2415 1530
21-5-9 3/4 50.0 5519 2680 1256 1650
2415 1480
3375 1700
21-6-9 3/4 70.0 5610 3300 1712 ) 1490
3360 1780
2220 (© 1410
21-6~9 1 50.0 8764 2340 985 1010
2280 185
2730 (<) 1140
21-6-9 1 70.0 8764 £490 1316 1380
2709 1260
] . 1650 o 724
304 3/4 50, & 5810 1670 1348 195
2130 1110
K 0.0 510 2
304 3/4 7 &b 2660 1672 1800
2100 1070
L 1-X)
304 1 &9, 0 8764 2040 1315 0
280 1570
kLY 0.0 4 1634
304 1 T0.¢ 876 92700 83 1040

(a) Friom Table 61, page 177, of AFRPL-TR-69-97.

{b) The lcad ring yielded, preventing accurate strain-gage realings.

(<Y These values are from Celumn C in Table V, since the 1-inch seals were inadvertantly
machined to the dimensions in M§ 27855,
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Becauge radial sealing forces were shown under Contract AF 04(611)-11204 to be related
to axial seal seating forces, it was judged that the radial sealing forces for the 1/2- and
3/4-inch seals were similar.

The load-test results for the 304 seals showed that the effective compressive yield
strength of the material was much lower than had been estimated from the literature.
Using the measured radial sealing forces, the effective compressive yield strengths were
calculated for the test seals. On the basis of these calculations, it was decided that the
effective comprsassive yield strength for cold-rolled 304 was approximately the same as
that of 21-6-9. Thus it was concluded that the dimensions for the 21-6-9 seals could be
used for the cold-rolled 304 seals.

Thermal-Gradient Tests. As shown in Table II, tests were conducted for l-inch
connectors with rninimum- strength seal materials of 19-9 DL, 304, and 21-6-9. Six
thermal cy~les were conducted on each seal from +200 F to -320 F, using procedures
outlined in MIL-F-27417 (USAF). This specification is contained in Appendix IV. The
results of these tests showed that any of the seal materials and configurations would be
satisfactory since no leakage was measured during the tests.

Vibration Tests. Vibration tests were completed with !-inch connectors using
minimum- strength geals for all three materials. The vibration test on 19-9 DI, was in
addition to the tests on 21-6-9 and 304 shown in Table II. The tests were conducted at a
natural frequency of vibration of approximately 350 cps and at stress levels correspond-
ing to design bending-moment levels of 900 in-lb. Test conditions alsc included a con-
nector pressure of 4000 psi and a temperature of 200 F. As specified in MIL-F-27417
{USAF), the connector assemblies were vibrated for a minimum of 300, 000 cycles. No
leaks were measured. Thus, the results indicated that any one of the three rnateriale
and seal configurations wculd be satisfactory with regard to the vibration tests.

Misaligment Tests. As shown in Table II, tests were conducted for 1/2-, 3/4-,
and l-inch connectors under misalignment conditions. For these tests the connectors
were subjected to static bending moments of 60 in-1b for the 1/2-inch, 192 in-1b for the
3/4-inch, and 388 in-1b for the !-inch connector.

The maximum misalignment angles at which connector agssemblies could be ac-
compiinshed under the above bending-moment loadas were 2-1/2 degrees for the 1/2-inch
cocnnectors, and 1-1/2 degrees for the 3/4- and l-inch connectors. These misalignment
conditions were found to be independent of the seal variations under study. With an
internal pressure of 4000-psi heiium, no ieakage could be detectied frem arny of the con-
ne<tors using & helium sniffing device and a helium mass apectrometer.

Design Selection

On the basis of the preliminary-development-test re. . ults and the preliminary cor -
cosion resulte, two approachea to seal rnaterial selection were 1easible. One was to
specify seal-matarial yield strengthe of 50,000 to 74, Q00 psi. The other was to specify
material yield streagths of 70,000 psi to 90,000 pei. For the first approach, either 304
in a work-hardened condition or annealed 21-6-9 could be used if the specification seal
dimensiong were increased. For the second approach, 19-9 DL material could be
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usned aiid the geal dimensions in MS27855 would remain unchanged. Boacaure of the antic-
ipated difficultiea in obtaining 19-9 DL material, it was mutually agreed with the Techni-
cal Man&ger thac thie first approach would be selected.

BRecause the original estimates for the verification testing of the selected design
anticipated the selection of only one material, there were not sufficient funds to tent
21-6-9 and 304 seals. It was decided that a complete series of tests would be conducted
with 304 stainless stee!l since that was the most readily available material. Some of the
verification tests were also conducted with seals made of 21-6-% to give an increased
understanding of the applicability of this matarial.

Verification Test Prog_ra.m

A verification teat projram was established to demonstrate that the seal designs
selected iz a result of the preliminary {cst program were satisfactory. A summary of
the verification teste, which was contained in the work statermnent, is shown in Table XI.
The verification tests included throe tests in addition to those contained in the prelimi-
pary teet schedule. The verification testing wil! be discussed for each type of seal
material,

TARLE X1 VEXKIFICATION TEST SUMMARY
1/2 3/4 1
Minimum Maximum Minimum Maximum Minimum Maximurn
Test Yield Yield Yield Yield Yield Yield
Lecad test x x x x x x
Thermal gradient x x
Stress-reversal
bending x

Vibration X
Pressure impulse x x x
Repeated assembly
Misalignment x x x x x x
P e e PR N SRR

Verification Testing of 304 Stainless
Steel Saﬂ

The 304 seals for the verification tests were machined to the same nominal dimen-
sions as the 21-6-9 seals. The basic dimensions are shown in MS27855 of Appendix I,
while the modified tang lengths and disk thicknesses a. o shown in Table VI. As with the
seals for the preliminary testa, it was necessary to modify the w.side diameters of the
seals to simulate the norninal minimum and maximum tensile yield strengths. These
ID oditicationz are shown in Table XII. The seals were nickel plated in accordance
with MIL-P-27418 (USAF)}. Examination of the seals after plating showed the plating to
be of good quality.
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TABLE XII. MODIFIED INSIDE DIAMETERS OF 304 SEALS USED IN VERIFICATION TESTS
- Tubing Nominal Tensile Actual Tensile Nominal Seal Modified Seal
Size, in. Yield Strength, ksi Yield Strength, ksi ID, in. 1D, in.
1/2 §0.0 54.0 0.382 0.393
1/2 70.0 77.5 D.382 0.397
3/4 50.0 54.0 0,572 0. 588
3/4 70.0 71.5 0.572 0. 3590
1 50.0 54.0 0.744 0.761
1 70.0 17.8 0. 744 0.766
: Load Tests. Table XIII shows the results of the verification load tests conducted
with the 304 seals. The results were judged to be very good. The minimum radial
sealing forces measured with the seals simulating the minimum tensile yield strengths
were close to the desired minimum radial sealing force of 1200 lb/in. of seal circum-
ference. The maximum radial sealing forces measured with the seals simulating the

maximum-tensile-yield- strength material provided a good margin of safety for the
maximum radial sealing force that can be sustained by the 1-inch plain flange, i.e.,
2300 1b/in. of seal circumference. ;

TABLE XII1. VERIFICATION LOAD-TEST RESULTS FOR 304 SEALS

) Available Maxi-~ Calculated Maximum Mea-
xial mum " Radial suved Radial Average Radial
Twing Simulated mbly Axial Sealing Sealing Sealing
. Size, Tensile Force, Force, Foece, 1b/in. of Force, 1b/in. of Force, 1b/in. of
in. Yield, ksi b 1b circumference circumference circumference o
g
1680 ' 1620 f
1/2 50.0 2800 1650 1244 1550 1620 ,
1650 1690 H
; ‘ 1840 1750
i 1/2 70.0 2200 1920 1698 1840 1830
5 8 1870 1910 '
4. 2220 1150
o 3/4 50.0 5510 2240 1256 1920 1480
s 2220 1570
i 3080 1760
-4 3/4 70.0 5510 2570 1712 1210 1720
. 2580 2200
H
3420 1360
: 3 1 50.0 8764 3360 1220 1239 1240
: 3180 1130
4380 1550
1 70.0 8764 4500 1665 1796 1625
4320 1540

T A A e e s,

Examination of the sealing surfaces of the seals after removal from the plain flanges
and load rings showed that the width of the sealing surfaces ranged from about 0. 018 to
about 0.025 inch. This compared very favorably with a desired width of 0. 020 inch.

T
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The sealing surfaces were uniformly shiny and -mooth These are the conditions needed
to achieve good initial sealing.

Thermal-Gradient Tests. Thermal-gradient tests were conducted in accordance
with MIL-F-27417 (USAF) on minimum-strength seals for 1/2- and l-inch connectors as
listed in Table XI. Two seals of each size were tested. No helium leakage could be
detected by the mass apectrometer during six thermal-shock cycies.

Stress-Reversal Bending. Two minimum-strength 3/4-inch seais were tested in
stress-reversal bending in accordance with MIL-F-27417 (USAF). No helium leakage:
could be detected during 200,000 cycles of tegting.

Vibration. Vibration teats were conductad in accordance with MIL.-F-27417
(USAF) on minimum- astrength seals for 1/2- and 1-inch connectors as listed in Table XI.
Two seals of sach wize were tested. No helium leakage could be detected during the
tests.

Pressure Impulae. As listed in Tablx XI, pressure-impulse teste were conducted
with one minimum-strength seal for 1/2-, 3/4- and l-inch coanectors. The connectors
were subjected to pressure impulses of 0 io 6000 psi at the rate of 40 per minute until
300,000 pressure <impulse cycles had been completed. No leakage could be detected
from the connectors. Oil was used as the pressurizing medium to achieve sharp pres-
sure impulses.

Repsated Assembly. A repeated-assembly test was conducted with 25 maximum-
strength 3/4-inch seals in accordance with MIL-F-27417 {USAF). No helium leakage
could be detected during the leakage tests conducted with each fifth seal. In addition, no
damage could be detected to the 3/4-inch plain flange that was used for all of the tests.

Misaiigment. Misalignment tesis were conducted with minimum- and maximurn-
strength seals for 1/2-, 3/4~, and l-inch connectors as listed in Table XI. The condi-
tions described previously for the preliminary tests were repeated. No heliumn leakage
could be detected for any of the connectors pressurized to 4000 psi.

Verification Testing of 21-6-9 Seals

The verification tests selected for the 21-6-9 scals were the load tests, vibration
test, and misalignment test. These are described briefly.

Load Tests. All of the seals of the three candidate-materials that had been load
tested during the preliminary tests had been machined with modified inside diameters to
simulate the theoretical minimuin and maximum yield strengths. For the verification
tests of the 21-6-9 seals, it was decided that the inside diameters of the basic’ design
would be used so a more direct comparison could be made between the calculated radial
sealing forces and the measured radial sealing forces. This approach permitted a more
direct determination of the accuracy of the radial-load-calculating procedure for the
three seal sizes, i.e., 1/2, 2/4, and 1 inch.
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The test geals were machined to the dimensions shown in MS 27855, with the disk
and tang dimenagions increased as shown in Table VI. The seals were nickel plated in
accordance with MIL-P-27418 (USAF). Table XIV shows the results of the verification
load tests for 21-6-9 seals. As shown in Table XIV, the results indicated that the
method {or calculating radial sealing loads becomes more accurate as the seal gize in-
creases, This can also be observed in Table XIII, which shows the results cf the veri-
fication load tests for the 304 seals.

TABLE X1V, VERIFICATION LOAD-TEST RESULTS FOR 21-619 SEALS

Calculated Maximum Mea-  Average Radial
Available Radial Sealing sured Radial Sealing
Tubing Axial Assem- Maximum Force, 1b/in. Sealing Force, Force, Ib/in.
Size, bly Force, Axial of seal Ib/in. of seal of seal
in, 1b Force, 1b circumference circumference circumference
1740 1720
1/2 2800 2100 1471 2120 1870
1620 1770
2820 1540
3/4 §510 2830 1484 1920 1870
2820 1250
4140 1770
1 8764 3600 1441 1300 1390
35610 1100

Vibration. Vibration tests were conducted with minimum-strength 1/2- and 1-inch
seals in accordance with MIL-F~-27417 (USAY¥). One seal of each size was tested. No
helium leakage could be detected during the tests.

Misalignment. Misalignment tests were conducted with minimum-strength 1/2-,
3/4-, and l-inch seals under conditions described previously for the preliminary tests.
No helium leakage could be detected for any of the asgemblies.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the work described in this report, it was concluded that:

(1) The 304 seal designs selected for verification testing will provide the
desired improvements in the performance of 1/2-, 3/4-, and l-inch
AFRPL stainless steel threaded connectors.

(2) The 21-6-9 seal designs selected for partial verification testing will
probably provide the desired improvements in the performance of
1/2-, 3/4-, and l-inch AFRPL stainless steel threaded connectors.

(3) Plating specification MIL-P-27418 (USAF) is satisfactory if the
inspection function is modified to include the use of a 5-power glass.
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It is therefore recommended that:

(H

(2)

(3)

(4)

MS 27855 be modified to include the modified tang-length and disk-
thickness dimersions shown on Table VI.

MS 27855 be modified to limit the existing material specifications
to 1/8-, 1/4-, and 3/8~inch seals and to limit the tensile yield
strengths to 40, 000 psi.

MS 27855 be modified tc include the specification of Type 304 stain-
less steel with a minimumn tensile yield strength of 50,000 psi and a
maximum tensile yield strength of 70, 000 psi for use with the

1/2-, 3/4-, and l-inch seals.

MIL-P-27418 (USAF) be modified to include the use of a 5-power
glass in the inspection function.
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APPENDIX I

- MS STANDARDS FOR AFRPL 4000-PSI STAINLESS
STEEL THREADED CONNECTORS
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PED. Sup Class

4730

Review sctivities: H, 4, 19, 6B, G5, & NAS

OSSN NN NN N

REVISED

sTEP 2

iﬁi g

RINSE  SURFACES
x WITH FILTERED AIR STREAM OR WIPE PARTS WITH CLEAN
1] PAPER  TISBUL MOWTENED WITH METHYLETHYLKEVONE.

3 DUST CAPS.

Ovher Cons FITTINGS, INSTALLATION OF STRAISNY MILITARY s"""’

H3
r:‘i THREADED FLUID CONNECTION MS 27850 ¢ \
_l‘i PROCONEENT WECH ICATEN | SUPENIEDLS [} or

1. L w-r-2r8i7y & 3
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FED. SUP CLASS

4730

- — NUT

SO SNNNNS N NN

Vv -

STEP 3

COAT MALE THREADS AND SURFACE C WITH LUBRICANT. APPLY
LUBRICANT SPARINGLY. WORK THE NUT ONTO THE MALE THREADS
AND AGAINSY SURFACE C BY MAND RETRALT NUT AND INSPECT
SURFACES FOR EVEN COATING OF LUBRICANT. REMOVE EXCESS
LUBRICANT FROM NUNLUBRICATED SURFACES.

Doviev activities: 11,14,19,89,88 & NAS

[~
“
>
H
STEP 4
REMOVE SEAL FROM PROTECTIVE WRAPPING. INSPECT SURTACES F E
Je WITH 10 POWER LENS. DISCARD |F SURFACES ARE SCRATCHED OR *
1 IRREGULAR.CLEAN WITH METHYLETHYLKETONE IF DIRTY, »
>
¥ | 3
H b 4
1} 2
B2 i e
] a
i :
PA USAF 12 TITLE
Isi “ MILITARY STANDARD
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j - M- F- 27T
l’o um m" (Léiaited coordinetion) FREVIINE SR VIMG B9 Tulh PO AN SENLE TS
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R — " PER. SUP CLAIS
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STEP 3

REMOVE DUST CAPS PFROM PLAIN AND THREADED FLANGE AND INSERT
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4
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t 777,
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‘EE STEP O
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B E
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H X USAF 1T
g!: Tme MILITARY STANDARD
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Review ectivities: 14,14,19,69,89 @ HAS

THREADED, FLUIDO CONNECTION, 4000 PS)

PED. U CLASE
4730
//
s
NI
VAN AN N AN
\>\\\\\\\ N
,‘/’
' v
PLAIN FLANGE— /
MS 27053 v
g \
wyr-—" sEAL ~ THREADED FLANGE
NS 27052 MS 27688 MS 27084
WS ASSEMBLY | TUBE PLAIN THREADED
NO. 0.0. NuT FLANGE FLANGE seAL
ME27881-02 1’8 MS 27082-02 | MSE7883-08 | MSRTE0E-02 | w8 2TEEB-0R
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M$27051-08 72 NS 27882-08 NS 27853-08 MS27984-08 WS 27355-00
o
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w
us27931-16 | M327082-18 MSETES3-i ME2TE84-16 M327885-18 =
2
I. DO NOT USE UNASSIGNED PART KUMBERS. -
2. REFER TO MS 27880 FOR INSTALLATION INSTAUCTIONS. 3
FOR OESIGN FEATURE PURPOSES,THIS STANDARD TAKES PRECEDENCE OVER PROCUREMENT 3
DOCUMENTS REFEREMCED MEREIN. <
REFERENCED DOCUMENTS SHALL BE OF THE ISSUE IN EFFECT ON DATE OF INVITATIONS FOR BD. a
$
§
&
«
b MILITARY STANDARD
Ovhor Cane FITTING ASSEMBLY, STRAICGHT

PROCURTMERT SPECIH ICATION
MiL-F-2T7417

SUFERSEDES

MS 2785 wwe
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PRO. SUP CLAES
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-
o
¥
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. A8 ]clo
g 0la | CiA
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usz7ese -6 | | [1-85/18 -18  [1.070{1.378.120 [.283 | .¢18 [ 1.001 |1 a38] 1. 312] .18
| . THREAD PO A cia_ano 8 DIA, SHALL OF COMCENTRIC WITHIN 003 FIR. 8
2 MATERIAL Ctommodicn RemsTANT sreL TAS Srse §
3. CLEANING . FINISHED PARTS SHALL OF CLEANED PER MIL-F-ZTHT. w
4. SURFACE TEXTURE. IN AGCORDANCE WITH USAS B46.1, UWLESS OTHERWISE SPECIFIED, -
ALL MACHINED SURFACES TO OF €3 MICROINCHES.
8. BREAX EDGES 003-0i8 UALESS OTHERWISE SPECIFIEG. -~
.. omonts N OINCHED. UNLISS OTHERW!SE SPECIFIED, TOLERANCES DECIMALS 1010, e
x AMSLES t8° 2
’ i 7. 0O NOT USE WIASSIGNED . ART NUMBERS. 5
H 0. REFER T, M3 88 FCU ASSEMB V. 3
FOR DEJGN FEATURE PURPOSES, THIS STAMDARD TAKES PRECCDINCE  OVER 3
- ¢ PROCURVMENT  DOCUMENTS REFERENCED HEREIN. v
v RESLRENCED oocw:ms SHALL OF OF THE SSUE N EFFECT ON DATE OF o
3 i INVITATIONS POR 3
‘i f
% it :
i PA USAF 12 TTLE
igﬁ Ovhes Coot NUT, CRES, FLUID CONNECTION FITTING, MILITARY STANDARD
4 MIGH  PRESSURE
i MS27852 wur:
f | PWOCUREMENT SPECIFICATSON | SUPERILOES: T oF
A3y, L -r-270i7 !

DD 2% 6721 (Linitos cosrdisation)
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REVISED

]
H ' PARTS SHALL OF CLEANED PER MIL-F-ZT4I7
4. SURMCE TEXTURE W ACCORDANCE WITH USAS 846.1, UNLESS OTHERWISE %
SPECIFIED, ALL MACHINED SURRACES TO O 63 MICRONCHE
H 6. SREAK €OOES 00U -0 UNLESS OTHEMROL SPECIFIED. s
i ©. ORIDNUION W NCWS. WESS OTMERMWISE $PECIFUD, TOLERMCES: DECRALS 3000, ]
"‘ 7. 00 NOT USE UNASBIONED PART WUMBKRS. e
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‘{‘ FOR CESIN FEATURE PURMOSES, THIS STANDARD TAKES PRECEDENCE OVER PNOCUREMENT 3
OOCUMINTS  ACFERDNCED NEREW
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PED. SV CLAY
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!t i 5. BREAK ZOSKS .003-01S UNLENS OTHERWISE SPECIFIZD. 3
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F § | 7 DO NOT USE UNASSISNED PART NUKLENS. .
H ¢ 6. REFER 7O MS2785) FOR ASSEMBLY. a
2 1 $. BLEND WRENCH FLATS K iNTO DIA A AS SHOWN IN VIEW C, WNEN X i3 LESS THAK A. ]
! 3 FOR DESIGN FEATURE PURPOSES,THIS STANDARD TAKES PRECEDENCE OVER PROCUREMENT
i 1 DOCUMENTS REFERENCED HEREIN.
3 l jl REFERENCED DOCUMENTS SHALL BE OF THE ISSUE IN EFFECT ON DATE OF INVITATIONS FOR ®ID. Y
& - P.A USAFI2 TITLE M A
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| N -P- 27418
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% - Dia | DIa | OIA
uS PanT  |TusE |- 000(+.002)+ 010]+.
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%, FMISH:  NCKEL PLATING PER MiL-P-27410.
4 CLEANING© FWHSNED PARTS SHALL BE CLEANED PER MIL-F-2TAIT. =
: 8. SURPACE TEXTURE W ACCORDANCE UHTN USAS 846.1, UNLESS OTHERWISE SPECIFIED, a
SURFACES TO BE 32 MICROINCNES DEFORE PLATING,
§ 8. BREAK SHARP EDQES 005- O UNLESE OTHERWSE OPECIFIED. 5
2 7. ONMENSIONG B INCHES. UNLESS OTHERWISE SPECHIED, TOLERANCES: LINEAR 2
H ONMENMIONS £ GI0, ANGULAR DIMENSIONS % 8°. By
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3 9 D0 NOT USE UNASSISNED PART NUMGERS. 2
2 0. MEFER TO MSETSSI FOR ASSEMBLY.
z FOR DEBGN FEATURE PURPOSES, THIS STANDARD TAKES PRECEGENCE OVER
1 PROCURMENT DOCUMENTS REFERENCED HEADN.
! RFONNCED DOCUMENTS SHALL SE OF THE ISSUE W EFFECT OW DATE OF INVITATIONS POR 0.
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APPENDIX II

MIL-P-27418 (USAF) MILITARY SPECIFICATION,
PLATING, SOFT NICKEL (ELECTRODEPOSITED, SULFAMATE BATH)
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MIL-P-27418(USAF)

1l July lgé!

MILITARY SPECIFICATION

PLATING, SOFT NICKEL
(ELECTRODEPOSITED, SULFAMATE BATH)

1, SCOPE

. 1,1 Scope. This specification covers the processes and requirements
for soft nickel plating.

2., APPLICABLE DOCUMENTS
Not applicable
3. REQUIREMENTS

3.1 Materials. The materials used shall be such &s to produce coatings
vwhich meet the requirements cf this specification.

3.2 Vorkmanship.

3.2,1 Basis mgtal. The basiy metal shall be free from visible defects
that will be detrimental to the peiformance of the plating. Articles to ba
plated shall be stress relieved, cleaned, etched, pickled, plated, and
annealed as required to produce plaing as spscified herein.

3.2,2 Plating. The nickel plaving shall be smooth, columnar crystsl-
line (before annealing - 6.3), adherent, and free from visible blisters,
pits, nodules, porosity, indications ol burning and excessive edge buildup,
and other defects, Slight discoloration resulting from annealing, shall
not be cause for rejection, All details of workmanship shall conform to
the best practice for high~quality plating.

3.3 General requirements.

3.3.1 Unless otherwise spscified, the plating shall be applied after
all basis-metal heat treatments and wechanical oparations such as machining,
brazing, welding, forming, and perforating on the article have been completed.

3.3.2 All articles shall be given a suitable stress-relief heat treat~
ment prior to cleaning and plating. The tempsrsture shall be such that
maxinunm stress relief is obtained without reduction in hardness to less than
the specified minimum.

FSC MISC
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MIL-P=27418(USAF)

3.3.3 Unless otherwise spacified, the plating shall be electrzcdepositaed
in an all-sulfamate, chloride~free nickel bath (6.3).

3.3.4 All articles shall be sanealed in z vacuum furnace after plating
to obtain the preoper plating hardnesa,

3.4 Detuil requigements.

3.6.1 Plating thickness. Unless ctherwisze specified, the plating shall
be 0.0020 inck + 0,0003 fuch thick on all surfaces to be plated vhich can be
touched by & ball 1/16 inch in diaemster.

3.4.2 Plating boundaries. Uanless otherwise specified, boundaries of
the plating vhich covers only a portion of the surface shall be free from
beads, nodules, jagged edges, and other irregularities, and shall blend
szoothly into the unplated surface,

3.4.2 !EM%LML Unless othervise specified, the Knoop hard-
ness of the plating after annsaling shall pot exceed 150 with a2 500-gram
load. .

3,4,4 Plating adhesion. When examined at & magnification of approxi-
nately 4 diamsters, adhesion of the nickel plating shall not show separation
from the basis metal vhen subjected to tha test specified in 4.4.2, The
formation of cracks in the basis metal which do not result in flaking,
peeling, or blistering of the coating shall not ba considered as nonconfor-
mance to this requiremsat,

3.4.5 m._u_m%ﬂgg. Daviations from ths specified plating and
annealing requirements of this specification may be authorized by the
Govarnment inspector or the procuring activity provided the comtractor
demonstrates that coatings thus produced are equivalent (6.3), for che
purpose intendad, to coatings produced under the specified conditions,

Doubtful cases shall be referred to the procuring sctivity for decistion,
4, QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for imgpection. Unless otherwise specified by the
coatract or purchase order, the supplier is responsible for the performance
of all inspectinn requirements ss specified hesrein., Excapt as othervwise
specified, the supplier may utilize his own facilities or any commercial
laboratory scceptabla to tha Govermmsnt., The Governmant resarves the right
to perform sny of tha in‘pactions set forth in the specification where such
inspections ars deemed necessary to assure supplies and services confora to
prescribed requirements.
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MIL-P~-27418(USAF)

4.2 § @ s. When tha plated articles are of such form as
to be not readily adaptable to a test spacifiad herein, or at the discration
of the inspector for destructive tests for the sampling of small lot sizes,
or as otharvise spacified herein, the test shall be made by the use of
spesrate specimens plated and annealed concurrently with the articles repre-
sented. The separaté specimens shall be of & basis metal equivalent to that
of the articles represented, “Equivalent™ basis metal includes chemical
cowposicion, heat treatment, and finish of surface prior to plsting. Due
to the f{mpracticability of forging separsata test specimens, equivalent hot-
rolled steel apecimens may be used to represent forged steel articles., The
separate specinsns shall be scrips approximately 1 inch wide, 4 inches long,
and 0,04 inch thick. These specimens shsll ba introduced into a lot prior
to the cleaning operations preliminary to plating snd annealing processes.
Conditions affecting the plating and annealing of the specimens including
the spacing and positioning with respect to anodes and to other objects
being plated, and with respect to the heating surfaces, shall correspond as
nearly s possible te those affecting the siguificant surfaces of the articles
represented,

4.3 Sempling,

4.3.1 Lot, & lot shall consist of plared articles of approximately
the same size and shapa, plated and annealed concurrently and submitted for
ingpection &t one tima. Lot size shall not exceed 500 articlaes,

4.3.1.1 Ipspection records of the examination and tests shall be kept
complate and available to the Government as specified in the contract or order.

$.3.2 Sampling proceduges for visual examination., A sample shall be
taken from each lot by taking at random from the lot the number of articles
indicated in table 1. The lot shall be accepted or rejected on the basis
of the sample according to the procedures in 4,3.2.1.

TABLE I
Sampling for visual ingpection
Acceptance number=
(maximum number
Number of articles of sample articles
Number of articles in sample nonconforming
in lot (randomly selected) to any test)
15 or less R Y 7 0
16 to 40 10 0
41 to 110 15 0
111 to 300 25 1
301 to 500 35 1

1/ If the number of articles in the lot 1s less than 7, the number
or articles in the sample shall equal the number of articles in
the lot.
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4,3,2,1 Visual lnspection, The number of sampie actlcles indicaced
in table I shall be taken at randow fyvom the ‘ot e be inspected end ex~
amined visually and compared with requ .remencs of J,2,2 afred annealing.
If the number of noncorforming articles 'n any sampie 2xceeds the accepi-
ance nhumbar tor that sample, tha lot reprvesented by the nample shell be
rejecked,

4,3.3 Sampling procedure for hacrdnese, adhesion, und coacing titickness
testa, A zmall, random ssmple of articles shall be selected from 2och iot
by tha Gowvernment inspector ind three sepav te specinmats shall be prepgared
iu accordamre with 4,2 to resresent cach loc, The nuaber of articlea in ths
sampla sahall be determined by the procurirg sctivity or shall be left to the
discretion of the inspector. Each randomly selected sample article shall be
subjecked to the thickuess test and sach of the tisree separate specimens shzsll
ke subjected t» the hardness, adheslon, aund thizxness tasts,

4,3,1.1 iardnesa. Each specimen shall be tested in azcurdence with
4,4,]1 in several locations at which the plating hardaess would be expected
to be maximum. If the hardness at any place on any specimen is greater
than the specified hardness, the lot siiall be rejected,

4,3,3.2 Adhesion. Each specimen shall be tested in acrordance with
4,4,2, Fallure of one or more of the test specimens shall constitute
failure of the lot,

4.3.3.3 Thickness (destructive test). Each article and specimen shall
be tested in accordance with 4,4.3 in several locations at which the plating
thickness would be expected to be minimum, If the plating thickness at any
place not rffected by the hardness or adhesion tests 1s greater than or less
than the specified thickness limits, the lot shall be rejected,

4.4 Test methods.

4,4,1 Hardness. Standard hardness teasting procedures shall be used
to determine the Knoop hardness of the coating within + 5 pcrcent of its
true hardness,

4,4,2 Adhesion. The test specimens shall be bent repeatedly through
an angle of 180 degrees on a diameter equal to the thickness of the speci-
men until fracture of the basis metal occurs. Following fracture of the
basis metal, it shall not be possibls to detach any appreciable areas of
the coating with a sharp instrument.

4.,4,3 Thickness. Standard metallographic procedures shall be used
to determine the coating thickness with a microscope. The specific method
and cquipment used shall be such that the coating thickness shail be deter-
mined within + 10 percent of {ts true thickness.
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4,5 Replating., Unless otherwise specified, plated artircles which
hava been rejacted or withdrawe because of the presence of plating de-
facts may be resubmitted after atripping, replaiing, and reannealing the
entire lot. Complete detatils of the replsting and reannealing shall be
furalshed to, end be approved by, tha inspector or procuring activity.

5, PREPARATION ¥OR DELIVERY

5.1 There are no general packaging, packing, or marking requirements
applicable to thiz spacification., Packaging when required shall be as
specified by the procuring activity.

6, NOTES

6,1 Intended use. The plating conforming to thie specification is
intended to facllitate the formation of a seal between two metallic aur-~
faces,

6.2 Ordering data. Requisitions, contracts, and orders should be
asccompanied by drawings of the articles to be plated, The procurement
documents should specify the following:

(a) Title, number, and date cof this specification.

(b) Instructions concerning the areas to be plated, deviations
from the specified plating thickness, and any other necessary information
pertinent to the plated surfaces.

(c) Instructions concerning the number of articles to be selected
for the thickness test (4.3.3).

(d) Instructions concerning samples for approval (6.6).

6.3 Plating type. According to considerabls laboratory testing, the
nickel plating best svited to creating a seal when yielded against a metallic
surface has a colummar crystalline structure before annealing. Thia structure
is 1llustrated in figure 1. When a process other than the one specified is
recomnended by the contractor, the resulting structure of the plating before
annealing should closely approximate the structure shown in figure 1,

6.4 Plating hardness. The acceptance of the plating is determined
according to thie specification by tests made after annealing. However,
when the Knoop hardness of the plating prior to annealing is less than
300 with a 500-gram load, the eventual acceptability of the plating after
anunesling is indicated (3.4.3).
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Figure 1. Columnar crystalline structure of soft nickel
plating prior to annealing. (500X)

6.5 Plating thickness. The dimensional tolerances of most seals do
not allow for wide variations in plating thickness, The pilating thickness
covered by this specification (0,0020 inch} has been selected to provide
maximum uniformity and minimum shear stresses during deformation., When
other thickunesses are desired, adequate tests must be made to determine
the performance of the desired thickness.

6.6 Sgmpleg. This specification describes the characteristics
necesssry to secure the desired plating. Unless otherwise specified,
no samples will be necessary prior to award to determine complisnce
with this spe-ification., 1if, for cay particular purpose, samples with
bids are necessary, they should be spectifically asked for in the iavi-
tatisn for bids, and the particular purpose to te served by the bid
sample should be definitely stated, the specification to apply to all
othar respects,
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Custodians ¢ Preparing Activity:
Alxr Force - 12 Alr Force - 12

Review activities:

ALy Force - 11, 14, 19, 69, 85

Clvilian Agencles Interespl:

NAS

Reviewsar/user information is current as of the date of this document., For

further coordination of changes to this document, draft circulation should
be based on the information in the current DoD Index of Specifications and

Standards,

37




Precedlng Page Blank

[ by

—_—

SPECIFICATION AMALYSIS SHEET

This sheet t 11led out 1 a2t t or c ctor, invaly e hq spec-
icouior 1 protuestent o1 pladlecie DERSE SO ISR SRNGRLS: PR Hes 18 i tled) 1..':.,.
t t t t cat ich wi ure that awjtable pr [ roc
,::2::: amount o} daTey g; the Teabt egst . Eomments aad the fopurn of tais lorh ‘%ﬁ. B tppractevel: "ratd"on
ines om reserse side, staple 1n corner, and sesd to preparing cznvny (o0 indicated oa reverse hereef). vt

MIL-P-27418 Plating, Soft Nickel (Electrodeposited, Sulfamate Bath)
cmr MNID STATL

CONTRACY RU. DOLTAN KaSURT
$

ORGANTZATTOR (0f subaitter)

MATERIAL PROCURED UNDER A
) vinecy soveammgnt contuact ) suscontracy
HAS ANY PART OF THE SPECIFICATION CREATED PROBLEMS OR RZIQUIRED INTERPRETATION N PROCURDMENT USE?

1.
A, GIVYE PARAGAAPHN NUMBER AND WORDING.

9. RECOMMENDATIONS FOR CORRECTING THE ODEFICIENCIES.

(1. COMMENTS ON ANY SPECTFICATION WEQUIREMINT CONITDERID 00 RIGID

1S THE SPECIFICATION RESTRICTVE?

3.
(e R7T" £ wo 17 “vus®, In BT mavy

ertinent datashich may se of sae in iaproviag this specification. If thereare addi-

. REMARKS (Attach
‘ " (o ne "’: te forn and place both in an envelope addressed to proparingactivity)

tiengl papers, attac

DATE

QUMM ITTED BY (Printed er typed name and activity)

C-sare

REPLACES NAVSHIPS FORM 4883. WHICH 13 OBSOLETE

DO, 7ot 1826
39




(et R LR ORI TS ey

FOLD
AFRPL (RPPS) POSTAGE AND FEES PAID
EDWARDS, CALIFORNIA 93523 DEPARTMENT OF THE AIR FORCE

UNITED STATES AIR FORCE
OFFICIAL BUSINESS

Director
Air Force Rocket Propulsion Laboratory (RPPS)
Edwards, California 93523

FOLD

40




e g

APPENDIX III !

INTERIM, 3-MONTH RESULTS OF AFRPL CORROSION
COMPATIBILITY TESTING

.




AFRPL=TM= 70-B

MATERIALS/PROPELLANT COMPATIBILITY PROGRAM

(UNCLASSIFIED)

H. Rede

Aprii 1970

} This Technical Memorandum is exempt from the DOD STINFO Structure
(ref para 2, AFSCR 80-20).

Releaese of this document to the Defense Documentation Center is not
authorized.

o This Technical Memorandum has
s . . been raviewed and approved

- L Gdirtan) /
B . W. S. ANDERSON, Chief

‘ Chemical & Materials Branch
Propeliant Division

e
e e

AIR FORCE RQCKET PROPULS1ON LABORATORY
RESEARCH AND TECINOLOGY DIVISION
AIR FORCE SYSTEMS COMMAND
EDWARDS, CALIFORNIA

L T

41




FOREWORD

" The Liquid Rocket Division of the AFRPL initiazed a research
evaluation under Project 314802BCR to perform a series of corrosion
compatlbility tests. The data generated from this investigation
are required as an input to Contract F04611-69-C~0028 to determine
an effective bobbin seal material for application in AFRPL threaded
connectors.

The author wishes to acknowledge the very able techuical
assistance afforded him by personnel of the Chemical & Materials
Branch of the Air Force Rocket Propuleion Laboratory. Special
thanka are in order to the following people: Major R. Schalow and
Airman G. Whiting for the metallurgical discussions concerning all
aspects of the program; Sgt D. Conatser, T. Owens, and L. Dee for
their assistance in designing and operating the 0133 "Transfer"
station; and to Mr. J. T. Nakamura for his guidance and supervision

during the conduct of this progran.
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MATERIALS/PROPELLANT COMPATIBILITY PROGRAM

(Interim 3~-month Report)

I. INTRODUCTION

An effective bobbin seal, compatible with nitrogen tetroxide
(NZOQ) and chlorine trifluoride (ClF3), for application in the
AFRPL threaded connector is required. The selected materials were
19-9DL, ARMCO 21-6-9, and cold rolled 304 stainless steel obtained
in sheet form from Battelle Memorial Institute. Coupons of thn

three wmaterials were totally immersed in liquid N (Mil Spec No.

2%
9135-926~2165) and Cll?3 (purchased from J. T. Baker Co., Torrance,
Californis), respectively, at a temperature of 160°F. Data for

non~plated and nickel-plated specimens of the above naterials were

required,

IT. EXPERIMENTAL PROCEDURE

A. Preparation Technique.

-4 Unstressed coupons (Fig. 1), abraded with 240 grit paper to
"ifé rexove the mill finish, were used to determine the type of corrosion

attack, i.e., general, pitting, or intergranular. U-—bend spacimens
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were usced to test strees corrosion susceptibility. (Fig. 2) Care was
teken in the shaping of the coupons so that as soon as the U was formed
the retainer strip was inserted to preclude relaxation of the stresses
appliad,

Two types of test containers were used: ten ounce glass bottles
for tha N 04 test and 347 SS containers with all metal-packing valves

2

for the C1F, test. Figures 3 and 4 picture the test set—-ups, respec-

3
tively. The glass bocttles and caps were ultrasonically cleaned in an
acid solution, rinsed in acetone, and oven-dried at 80°C. The 347 SS
containers were vapor degreased, acid cleaned iq u3p04’ electro=-
polished, rinsed in distilled water, and dried in gaseous nitrogen,
Prior to the start of the ClF3 program, the 347 8S contain2rs plus test

spacimens were passivated with gasecus C1F3 for at least 24 hours.

B. Weighing Technique.

1. Before Test
All of the test coupons were rinsed with acetome, blown
dry in a gaseous nitrogen atmosphere, placed in a drying oven at 80°C
for spproximately one-half hour, then left in a desaicator overnight.
The coupons were then removed from the dessicator with Tefloan—-tipped
tweazers and weighed to &n accuracy of t 0.0001 gms.

2. After Test

a. uzoa Procedure - The coupcns were removed from the
glass bottle: containers with Teflon-tipped tongs and immediately

submerged into a beaker of frecn. The same weighing procedure was
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then followed, i.e., the coupons were dried in a gaseous anitrogen
atmosphere, oven dried, and left in a dessicator overnight. They were
then weighed in the same balance previcusly used.

[ ClF3 Procedure - The ClF3 was disposed of in a
specially designed "transfer" station. The stainless steel container with
the specimen was then purged with gaseous nitrogen. The container was
evacuated, then completely submerged In a large bucket of freon. The freon
was then allowed to be "sucked" into the container. (This precluded
exposing the coupons to the atmosphere upon removal). The coupons were
then removed with Teflon-tipped tongs from the freon~filled container,

dried in a gaseous nitrogen atmosphere, and the same pre~weighing steps

a8 mentioned above were followed.

C. Examina:! 1 Techinique

Corrosi. . data were obtained on the basis of weight change,
and visual, opti..l, and metallographic exaﬁinatian. A stereo-zoom
microscope (5X to 25X) was used for the optical examination. The metallo-
graphic examination included magnificacions from 80X to 200X,

Exposure times for the different test specimens are shown in

Table 1.
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Table I EXPOSURE TIMES

Material 4 Wks 12 wWks 24 Wks Remarks
19-9DL A-B A=l A-b A = Non-llated
Armco 21~-6-9 A-B A-B A-B B = Nickel-Plated
304 A-B A~B A~B
Material Weeks Remarks
i 4 8 iz 16 24 ,
19-9DL u U u U U U U=bend specimens f
Armco 21-6-9 U u U u U U for stress corrosion ?
304 U u U U U U testing

*
NOTE: The above test plan was used for both the Nzoa and ClF3 testing.

dabilaes
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IV, RESULTS AND DISCUSHIONS

A. Ngoa Teut - After three montis of testing, the uwoun-plated

coupens show no evidence of corrosion. In addition, the weipi.. change
of these coupons after test is considered negligible (Taole II).

The nickel-plated coupons were almost completely coverced with 4
lime-green semi-adherent corrosion product identified by x-ray analysis to

be Ni(NO *Xi,0, where X = 2, 4, & 6; X = 6 was the predominant type.

3)2
The first nickel-plated coupons were removed after 4 weeks of test. The
average weight gain was 0,00 * 0,01 gms, The 1l2-week nickel-plated coupoas
had an average weighc gain of 0.04 t 0.01 gme. It appears, therefore, that
there is no additional weight gain after the initial galin that occurs
withia a 4~veek peried.

The U-bend specimens show no evidence of stress corrosion cracking
to date.

It appears fru. rthe data guthered in the past three wmonths, that
the three types of stainless steels in the unplated condition are
compatible with NZOA under the test conditions described. The nickel-
plated coupons, however, are conside~ed incompatible due to the forma-

tion of the lime-greer nickel nitrate cozrosion product.

B. ClF3 Test - There has been no evidence of corrosion, including

stress corrosion cracking, on any of the test specimens. In addition,

the waeight change averaged $0.004 t 0.0001 gns. which is considered
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negligible. (Table II) The only change to repor: is a alight bluish
tint on the unplated specimeus. The nickel-plated specimens have not
changed from their original appearance.

It appears so far that the three candidate stainless steels are

compatible with ClF3 in both the plated and unplated conditions.
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Table II. WELGHT CHANGES

ﬂf Legend: A = 304 CRES Example: -iP (Non-plated)
s | B = 19=-9DL A-1-P (Ni-plated)
 ¥ C = Armco 21~6-9 €~U (U=bend)
Type Specimen
Steel No.
I. EEOE Test
- Sample Test Initial Ht" Remarks
; Period (wks) Wt., (Gms) Change
f A=1-NP 4 8,5398 +0,0001
3 A-2-NP 12 8.5291 ~0.0004
] A-3-NP 24 8.5926 “till ia Test
5 Awly=P 4 7.3454 +0.0733
‘ A-5-P 12 7.4850 +0.0390
A-6-P 2% 7.7169 St1ll in test
B~1-NP 4 9.2352 -0.0002
B-2-NP 12 9.1835 -0.0071
B-3~NP 24 9,2099 Still in Test
B=~4-P 4 8.1735 ? Bottle brnke during test
B=5-P 12 8.3627 +0.0478
B~6-P 24 8.1564 Still in Test
C~-1-NP 4 8.4897 -0.0002
C~2-NP 12 8.4030 +0.0001
C-3~NP 24 8.4776 Still in tast
C=4~P 4 7.3838 +0.0613
C~5-P 12 7.4227 +0.0628
C-6-P 24 7.3628 Still in test

NOTE: U-bend specimens were not weighed.
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I1. CI1¥, Test

e A
o . Test Initial We. el
uamplt Period (wks) Wi, (Gms) Change Remark.s
A~13=KP 4 8.5800 +0,0004
A-14<NP 12 8.8896 -0.0004
A-15=NP 24 8,6410 Still in test
A-~16-P 4 7.4856 +0,0002
A-17-P 12 7.4247 +0,0001
A-18-P 24 7.4655 Still in test
B~13-NP 4 9.1860 +0.0003
B-14-NP 12 9.2116 +0,0001
B- 15-NP 24 8.3835 Still in test
B-16-p 4 8.1303 0.0000
B=17<P 12 8.1769 +0.0001
B~18-~P 26 8.3307 Still in test
C=13-NP 4 8.40668 +0.0003
C~14-NP 12 8.5117 +0.0004
C~15-NP 24 8.4145 Still in test
C-16-P 4 7,2249 +0.0001
C~17-P 12 7.2713 -0.0003
C-18~P 24 7.5521 Sctill in test
NOTE: U-bend specimens were not weighed,
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APPENDIX IV

MIL-F-27417 (USAF) MILITARY SPECIFICATION,
FITTINGS, ROCKET ENGINE, FLUID CONNECTION




e et et A i i

o e ni = han o 7 e ———

R

MILITARY SPECIFICATION
FITTINGS, ROCKET ENGINE, FLUID CONNECTION

1. SCOPE

1.1 Sceope. This specification establishes the requirements for
connection fittings for use in rocket engine fluid systems (6.1).

1.2 Classification. Fittings shall be furnished, as classified
by pressure, temperature, and material, in the styles designatad by the
applicable MS standards as specified herein or other engineering standard
drawings approved by the procuring activity (6.1 and 6.2),

2, APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of
invitation for bids or request for proposal, form a part of the speci-
fication to the extent specified herein.

MIL~F=~27417 (USAF)
14 July 1967

SPECIFICATIONS

Federal
NN-P~515 Plywood, Container Grade
PPP-B-566 Boxes, Folding, Paperboard
PPP«B=585 Boxes, Wood, Wirebound
PPP-B~591 Boxes, Fiberboard, Wood-Cleated
PPP-B-601 Boxes, Wood, Cleated-Plywood
PPP~B-621 Boxes, Wood, Nailed and Lock Corner
PPP~B=636 Box, Fiberboard
PPP-B~665 Boxes, Paperboard, Metal Stayed

(Including Stay Material)

FPP=-B~676 Boxes, Set-Up, Paperboard
PPP~C~96 Cans, Metal, 28 Gage and Lighter

Military
MIL-P-116 Preservation, Methods of
MIL-P-130 Paper, Wrapping, Laminated and Creped
MIL~S~5002 Surface Treatments and Metallic Coatings for

Metal Surfaces of Weapons Systems
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MIL~li-5606 Hydraulic Fluid, Petroleum Baagp, Alrcraft and Ordnance
MIL-H-6083 Hydraulic Fluid, Petroleum Base, Preservative
MIL-H-6088 Heat Treatment of Aluminum Alleys; Process for
(Altrcraft Applications)
MIL~-S5-8879 Screw Threads, Controlled Radiys Root with Incressaed
Minor Di{ameter, Genaral Specification Fax
MIL-L-10547 Liners, Case, and Sheet, Overwrap, Water-Vaporpyoof, :
Flexible |
MIL-B-13239 Earrier Materisl, Waterproofed, Flexible All Tempersature
MIL-P-17667 Pasper, Wrapping, Chemically Neutral (non~corrosive)
MIL-P=27407 Propellant, Pressurizing Agent, Helium
MIL-P-27418 Plating, Soft Nickel (Electrodeposited, Sulfamate Bath)

STANDARDS
Military
MIL-STD~105 Sampling Procesures and Tablea for Inspection by
Attributes
MIL-STD=129 Marking for Shipment and Storage
MS 27850 Fittings, Installation of Straight Threaded Fluid
Connection
MS 27851 Fitting Asgsembly, Straight Threaded, Fluid
Connection, 4000 PSI
MS 27854 Flange, Threaded, Cres., Pluid Connection Fitting,
High Preassure
MS 27855 Seal, Cres,, Nickel Plated, Fluid Connection
Fitting, High Pressure
MS 27856 Fitting Assembly, Straight Threaded, Fluid :
_Connection, Low Pressure }
MS 27860 Seal, Aluminum, Fluid Connection Fitting, Low Pressurs
MS 27862 Elbow 90°, Aluminum, Fluid Connection Fitting, Low
Pressurs
MS 27863 Tee, Aluminum, Fluid Connection Fitting, Low Pressure :
MS 27866 Elbow 90°, Cres., Fluid Connection Fitting, High Pressure ;
MS 27867 Tes, Cres,, Fluid Connection Fitting, High Pressure ’

(Copies of specifications, standards, drawings, and publications required
by suppliers in comnection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

2,2 Other publications. The following documents form a part of this
specification to the extent specified herein. Unless otherwise specified,
the fssue in effect on date of i{nvitation for bids or request for proposal
shall apply.
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MIL~-F=~27417 (USAF)
Society of Automotive Engineers

AMS 4083 Aluminum Alloy Tubing, Seamless, Drawn, 1 Mg ~ 0.6 Si -
6,25 Cu « 0,25 Cr (6061~TH)

AMS 4117 Aluminum Alloy Bars, Rolled, 1 Mg -~ 0,6 S{ ~ 0.25 Cu =~
0.25 Cr (6061-T6)

AMS 4127 Aluminum Alloy Forgings, 1 Mg - 0.6 §4 - 0,25 Cu =~
0.25 Cr (6061-T6)

AMS 5567 Steel Tubing, Seamless or Welded, Corrosion Resistant,
19 Cr -~ 10 Ni (SAE 30304), Hydraulic, Solution Traated

AMS 5639 Steel, Corroaion and Heat Resistant, 19 Cr - 9 Ni
(SAE 30304)

AMS 5646 Steel, Corrosion and Heat Resistant, 18 Cr - 11 N{ =~
(Cb + Ta) (SAE 30347)

AMS 5650 Steel, Corrosion and Heat Resistant, 20 Cr - 20 Ni
(SAE 30310)

AMS 5651 Steel, Corrosion and Heat Resistant, 23 Cr - 13,5 Ni
(SAE 30309)

AMS 5735 Steel, Corrosion and Heat Resistant, 15 Cr - 26 N{ -
103 MO - 2.1 Ti - 003 V

AS 478 Identification Marking Methods

(Copies of SAE publications may be obtained from the Society of Automotive
Engineers, Inc., 485 Lexington Avenue, New York, New York 10017.)

Handbook for Contamination Control of Liquid Rocket Propulsion Systems

(Copies of this handbook may be obtained from Aercspace Industries
Association, 610 Shoreham Building, Washington, D. C. 20008,)

3. REQUIREMENTS

3.1 Qualification. The fittings furnished under this specification shall
be products which have been tested and have passed the qualification tests
specified herein.

3.2 Materials. Fittings shall be fabricated of materials as specified
on the applicable standards.

J.2.1 Heat treatment.

3.2.1.1 Aluminum alloy. Mechanical properties and final temper of
aluminum fittings shall be as specified in 3.2,1.1.1 and 3,2.1.1.2. &ll
heat treatment shall be dome pricr to finish machining,

3,2.1,1.1 Nuts, flanges, and forgings. Unless otherwise specified,

zluminum material used for nuts and flanges shall conform to AMS 4117 and
forgings shall conform to AMS 4127, Final tempaer shall be Té6,
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3.2.1.1.2 Seals. Unless otherwise specified, aluminum alloy
material used for seals shall conform to AMS 4127, and shall be solution
heat treated, overaged, and stabilized prior to finish wachining. Over-

aging shall consist of heating AMS 4127 temper T6 at 425 tlg degrees

Fahrenheit in a vacuum or electric furnace for 10 hours and air cool,
The overaged aluminum material shall have the following properties:

(a) Ultimate tensile strength, psi 39,000 to 43,000
(b) 0.2% yield strength, pet 34,000 to 36,000
(¢) Modulus of elasticity, x 106 pst 9,5 to 11
(d) Hardness, 500 kg Brinell 70 to 76

(e) Elongation in 2-in, length, percent 15 to 17

3.2,1.2 Corrosion-rasistant steel, Mechanical properties of corroeion-
resistant steel fittings shall be as spacified in 3,2,1.2,1, 3,2.1.2,2, and
3.2.1.2,3,

3.2.1.2.1 Flanges snd forginge. Unless otherwise specified,
corrosion~resistant material used for flanges and forgings shall conform

to AMS 5646 (4,9.6).

3.2,1,2,2 Seals. Unless othaerwise specifinad, corrosion-resistsnt
material used for seals shall be hot~rolled, coli~rolled, or cold-drawn
material and shall conform to AMS 5639, AMS 5650, or AMS 5651, and shall
be annealed prior to finish machining., The materizl shall have the followe-
ing properties:

{a) Hardness ~ 160 to 180 Brinell
(b) Yield strength - 30,000 to 40,000 psi

3.2,1,2,3 Nuts. Unless otherwise specified, corrosion-resistant
material used for nuts shall conform to AMS 5735 and shall be heat treated
prior te finish machining. Heat-treated properties shall be certified to
satisfy AMS 5735,

3.3 Design and dimensions. The design and diuensions of fittings shall
be in accordance with the epplicable MS standard,

3.3.1 Passages.

3.3.1.1 Drill offset., On straight fittings where the fluid passsage is
drilled from each end, the offset between the drilled holes at the meeting
point of the drills shsll not exceed 0,015 inch, It shall be possible to
p&ass through the fluid passage a ball with a diameter 0,020 inch less than
the minimum diameter specified for the passage, This does not mean that the
drilled passage may be smaller than that required by the MS standard,
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3.3.1.2 Angle fittings. On angle fittings, tha cross-sectional area
at the junction of the fluid passsges shall not be smallar than the cross-
sectional area of the amaller passage,

3,3.2 Threads. Unless otherwise spacified, straight threads shall be
of the unified extra-fine form (UNJEF) and shall conform to MIL-5-8879 except
the threads may be cut, ground, or rolled,

3.3.2,1 Reollid threads., The grain flow in the threads shall be con-
tinuous ond shall ioliow the general thread contour, with the maximum density
at the thread roots as shown in figure 1. Laps and seams whose depth 1is within
the limits of table I are acceptable on the crest, and the nonpressure thread
flank above the pitch dismeter, Laps and seams are not acceptable on suy pert
of the pressure thread flank, in the thread root, or on the nenprissiure thread
flank extending from above to below the pitch diameter.

N / \/ L prren
L wrvor

DIAMETER

MAJOR DIAMETEKR 1
PERMISSIBLE NONPERMISSIBLE

SURFACE LAPS AND LAPS AND

TRREGULARITIES SEAMS SEAMS

NONPRESSURE SIDE

Figure 1. Grain flow and irregularities
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TABLE 1

Depth of laps, seams, surface irregulsrities, and
discontinuities in rolled threads

Fitting size Depth (inch) (max)
"2 0.006
"3 0006
"IO 0007
-6 .008
-8 0009
=10 through -16 010

3.4 PFiaish,

3.4.1 Aluminum-slloy fittings. The surface of aluminum~alloy articles
shall be free of pits, powdery coatings, discontinuities such &s scratches or
breaks and shall be uniform in appearance. Discoloration shall not be cause
for rejection,

3.4.2 Corrosion-resistant steel fittings.

3.4.2,1 Corrosion-resistant steel flanges and forgings si.all be passi-
vated and capable of meeting the requirements of MIL-S-5002,

3,6.2,2 Corrosion-resistant steel seals shall be surface~treated in
accordance with MIL-P-27418,

3.5 Identification of product. All parts shall be identified in accord-
ance with the instructions specified in 3.5.1 and 3.5.2.

3.5.1 MS Standard symbol and manufacturer's trademark., Unless otherwise

specified, all fittings and nuts shall be marked with the part number and the
manufacturer's identification.

3.5.2 Size, method, and location of marking. Marking shall be accom=
plished by ink stamp or electrochemical etch on the flanges, forgings, and

nuts in the locations {ndicated on ths applicable standards in conformance
with AS 478-7A2 or -30,

3.6 Performance. The fittings when welded to tubing, assembled per
MS 27850, sad tested in accordance with applicable procedures spacified in
section 4, shall be capable of the performance specified in 3.6.1 through
3.6.8 and in table II,
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TABLE II

Performance data

TUBE OD, in.

/4 3/8 1/2

Dagh size

-16

stainless steel tube

MS 27851 fitting and
(AMS 556T)

Tube wall

thickness, in. .035 | .0u9 | .065 | .095 | .134
Working pressure,

psi 4,000
Working temperature -430 tc 600

range, °F
Burst pressure at 14,200 10,900

room temp., psi 14,500 10,600 11,000
Stress level in tube

for flexure test, 20.000

+0
-10 %, psi

——==============ﬂ=============T======;======F=====ﬁ======ﬁ

Tube wall

thickness, in. .022 .028 .035 .035 .0k9
WO;:ing pressure, 1,000] 1,000{ 1,000] 750 750
Working temperature 430 to 200

range, °F

(aMs L083)

MS 27856 fitting and
aluminum alloy tube

Stress level in tube
for flexure test,

+0
-10 %» psi

19,500




MIL~F-27417 (USAF)

3.6.1 Leakage. Unless otherwise specified, maximum leakage for all
conditions except burst pressure shall Le measured with a mass spectrometer,
and helium per MIL-P~27407 ~hall be used 28 & pressurizing agent, A stesdy
leakage rate for a H60-second period exceeding 7 x 10”7 atmospheric cubic
centimeters pex second shall be considered an excessive leak and cause for

rejection. The helium mass spectrometer shall be calibrated with an indicated

helium background no greater than 5 x 108 atm cc/sec,

3.6.2 Proof pressure. Minimum proof pressure shall be 1-1/2 times the
operating pressure shown in teble Il without exceeding 7 x 10”7 atm cc/sec
or permanent deformation (4.9.1),

3.6.3 Burst pressure. All fittings subjected to the burst pressure
test shall not fail structurally (4.9.1),

3.6.3.1 Minimum burst pressure for corrosion resistant fictings
shall be twice the operating pressure shown in table II when at maximum
temperature or three times the operating pressure shown in table II when
at room temperature.

3.6.3.2 Minimum burst pressure for aluminum alloy fictings shall be
twice the operating pressure shown in tabls II at maximum temperature,

3.6.4 Thermal shock. At least one of the four sanples of each of thLe
sssenbly material ccbinations (tube, flanges, nut, and seal) shall withstand
8ix thermal shock cycles without leakage or failure of the fitting parts
when tested in accordance with 4,9.2. (Tube failure external to the tube-to-
fitting joint prior to six complete cycles is acceptable on any of ths otuer
three samples, Leakage of any seal or tube~to-fitting joint prior to six
cycles shall constitute failure,)

3.6.5 Flexural strength. At least one of the four samples of each of
the assembly wsterial combinations (tube, flanges, nut, and scal) shall with-
stand 300,000 cycles of flexure, without leakage or faflursz of the fitting
parts when tested in accordance with 4.9,3. (Tube failure external to the
fitting joint prior to 300,000 cycles is acceptsble on any of the other three

samples. Leakage or failure of any flange, nut, or sesal on any sample prior to

300,000 cycles shall constitute failure.)

3.6.,6 Vibration. At least one of the four samples of each of the
asserdbly material combinations (tube, flanges, nut, and seal) shall withstand
300,000 cycles of vibration without leakage or failure of the ficting parts
whn tested in accordance with 4,9.4., (Tube fatlure external to the tube—to-
fitting joint prior to 300,000 cycles s acceptable of any of the other three
samples. Leakage or failure of any flange, nut, or seal on any sasple prior
to 300,000 cycles shall constitute failuve.)
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3,6.7 Rspeated assembly. Fittings of il matcrlals shall he capable of
the required number of repeated assemblies at both the minimun and maximun
torques, without leakage or indication of failure of the nut or flanges
(4.9.5). Twenty repeated assemblies shall be tha minimum requirement few
aluminum alloy and corrosion resistant steel fittings. The secal shalt be
discarded and a new seal used for each repeated assembly. No deforration
in excess of 0,002 inch irn the dimensions specified in 4.%,5.! {8 permigsible
and nc visual damage to the sealing surface of the seal cavity shail be
evident when examived with a 10-power lens.

3.6,7.1 Miniwum openiug. The internal passages of the flangeer and the
tubing shall conform to the requirewmcats cf !,J.1.1 and 3.3.1.Z throughout

the repeated assembly tests,

3.7 Contaminsation control. All articles shall be cleaned to lavel E
(Handbook for Contamination Control of Liquid Rocket Propulsion Systeus,
Aerospace Industries Association) and shall be individually sealed in poly-

ethylens bags.

3.8 Workmanship. Machined surfaces of flanges, nuts, and geals, shall
be free from burrs, longitudinal or spiral tool marks, Unless a finer finisn
is specifiad on applicable drawings, sealing surfaces on flanges shall be
smooth, except that annular tool marks up to 32 microinches arithmetical average
(AA) will be acceptable. All other machined surfaces shall not exceed 63 micro-
inches AA. Unmeachined surfaces, such as forging surfaces, and barstock flats
shall be free of cracks, laps, and seams, and except for forging parting lines,
shall not exceed 125 micreofinches AA,

4, QUALLITY ASSURANCE PROVISIONS

4.1 Responsibility for inspectious. Unless otherwise specified in the

contract or purchase order, the supplier i¢ responeible for ths performance of
all inspection requirements as specifiad herein, Except as otherwise specifisd,
the supplier may utilize his own facilities or any commercial laboratory
acceptable to tha Govermment, The Govermment regerves the right to parform

any of the inspections set forth in the apecifications where such inspections
are deemed necessary to assure that supplies and services conform to prescribed

requirements.

4,2 Lot. A lot shall consist of 211 parts of a given part number mads
from the same batch of meterfal of the applicable material specificstion and
processed at the same time, For scals, a lot shall not exceed 500 pleces,

4,2,1 Record maintenance, The suppiier shall maintain a recerd of
inspections applied to each lot.
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4.2,2 Material certificatjon. Records of chemical composition analysis,
mechanical proparty tests showing conformance to the test requirements
speciied in MIL-H-6088, shall be made available to the Government inspector
tor each lot of fittings.

4,3 Classification of tests. Unless othervise specified, testing of
fittings shall be classifiad as fullows:

(a) Qualiffcation test (4.4)
(b) Quality conformsance tests (4,5)

4.4 Qualification tests.

b,4,1 Sempling instructions. Qualification test samples shall consist
of parts specifiad in table III, for each size and material for which qualifi-
cation is desired,

4,4,2 Tests. Qualification tests shall consist of the following
requirements and tests, os applicable, and as specified in sections 3 and 4:

(a) Quality conformance tests
(b) Proof pressure (4.9.1)
{c) Burst pressure (4.9.1)
(d) Thermal shock (4.9.2)

(e) Flexure (4.9.3)

(f) Vibration (4.9.4)

(g) Repeated assembly {(4.9.5)

4.5 Quality conformance test.
4.5.1 Sampling.

4.,5.1.1 Nondlestructive tests. Uniess otherwiss specified, sampling for
material, threade, finish, dimensions, marking, surface defects, ad workman-
ship shall be at random in accordance with MIL-STD-105 at an acceptance quality
level (AQL) of 2.5 percent.

4,5.1,2 Dectructive tests, Sampling for tests specifisd in (d) through
()) of 4.5.,2 shall be performed in accordance with MIL-STD-105, inspection
level S-1, acceptance number zero.

4,5.2 Teets. Each individual lot of forginges, flanges, nuts, and seals
shall conform to the following requirements and be subjected to the following
tests, as applicable, and as specified in sections 3 and 4:

(a) Examinsrion of product (4.8.1)

(b) Chemical composition (3.2 and 4.2.2)

(¢) Physical properties (3.2.1.2,1 and 4,2.2)

(d) Metallurgical properties (seal only) (3.2,1.2,2 and MIL-P-27418)
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TABLE III

Qualification test samples

Quantity | Part No.

Material

Applicable test

k each MS 27866
4 each MS 27867

Proof pressure (3.6.2 end 4.9.1)

4 each Ms 27862
i each MS 27863

Proof preasure (3.6.2 and 4.9.1)

4 each MS 27866
4 each MS 27867

Burst pressure {3.6.3 and 4.9.1)

i each M35 27862

4 each MS 27863 = =
each MS 27851 1/ Thermal shock (3.6.k and 4.9.2)

Burst pressure (3.6.3 and 4.9.1)

MS 27856

4L each | Ms 27856 2/

4 each MS 27851 1/

L each MS 27856 3/ Flexure (3.6.5 and 4.9.3)

4 each Ms 27851 1/

% each MS 27856 2/ Vibration (3.6.6 and 4.9.4)
2 each MS 27851 1/

Ly

g ::2: z: g;ggg %5 Hardness (seal only) (4.9.6.2)
4 each MS 2785k 1/ Crain flow (3.3.2.1 and 4L.9.7)
2 each Ms 27855 1/, 5/ Grain structure (seal only) (4.9.8)
2 each MS 27851 1/, 5/
> each MS 27856 2/ Seal interface (4.9.9)
2 each MS 27855 i/, 5/ Adherence {3:9.10)
4/ b/ Quality conformance tests

1/ Corrosion-resistant steel fittings only.

2/ Aluminum-alloy fittings only

3/ This test specimen may be obtained from the proof pressure test

(k.9.1) after its completion.
4/ All samples subjected to qualification tests shall previously

have been subjected to the specified quality conformance tests
(a), (b), (c), (e}, of L.5.

5/ This test specimen may be obtained from the seals hardness test
{4.9.6.2) after its completion.
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(¢) Haxdness (3.2.1.,2 and 4,9.6)

(f) Crain flow (3.3.2,1 and 4,9.7)

(g) Grain structure (seal only) (4.9.8)

(h) Seal interface (4.9.9)

(1) Burst pressure (4.9.1)

(}) Adherence (seal only) (4.9.10 and MIL=P=27418)

4,6 Rejection and retept. Rejected lots shall be resubmitted for retest
snd acceptance in accordance with MIL-STD~105, Parts subjected to non-
destructive tests and failing to conform to the requirements of these teaats
shall be rajected, Parts subjected to destructive tests shall be discarded.

4,7 Test conditions.

4,7.1 Thread lubricant. Thread lubricant shall be applied as specified
in M5 27850,

4,7.2 Test fluid, The test fluid shall be heiium gas conforming to
MIL-P=27407 for all tests except the burst test for vwhich hydraulic fluid
conforming to MIL-H-5606 or MIL-H-608) may be used.

4,7.3 Asssmblv torquaes. Fittings shall be tightened with a torque
wrench calibrated to be accurate to within +5 percent. Minimum and maximum
assembly torques shall be those designated in MS 27850.

4,7.4 Tube material and vorking pressure. Aluminum-alloy fittings shall
be tested with aluminum—slloy tubing as specified in AMS 4083, Corrosion-

resistant eteal fittings shall-be tested with snnealed stainless steal tubing
as specified in AMS 5567. Working pressurs shall be as specified in table 1I.

4.7.5 Proof pressure. Unless otherwise specifis! proof pressure shall
be 1-1/2 times the working pressure specified in tsbls .I.

4,7.6 Burst pressure. Unless otherwise specifiad, burst pressure shall
be twice the working pressure specified in table II,

4,8 Exasminations.

4.8,1 Each lot of fictings shall be examined to determine conformance
with this specification and the 2pplicable standards with respect to material,
dimensions, threads, wall thickness, surface defacts, finfsh, marking, and
workmanship.,

4,8.2 Pxaparation for delivery. The preservation, packaging, and
marking shall be examined for conformance to saction 5.

4,8.,2,1 Sampling. Sampling shall be performed in accordance with MIL~STD-

105, inspection level S-1, acceptance number zerc. Classification of defects
shall be as shown in table IV,
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TABLE IV

Classification of defects for preparation for delivery

Item Defects

Exterior and interior Missing, incorrect, incomplete,
illegible, of improper size,

markings
location, sequence, or method
of application

Materials Any nonconforming component;
component missing, damaged,

or othervise defective

Inadequate assembly of com-

Workmanship
ponenis
Exterieor and interior Number per container is more
weight or content or less than stipulated; gross
or net weight exceeds the

requirement

4.9 Test mathods.
For qualification, elbows and tees

4,9.1 Proof and burst pressure.
Fittings shall be assembled so that at laeast

shall be uged in this test,
8 inches of free tubing extends between the two restraints of the test

fixture, One half of the samples shall be assembled at minimum torque and
the other half shall be assembled at maximum torque. The fittings shall

be raised to the proof pressure for 5 minutes and shall be hsated to the
Leakage shall be continuously

naximum temperature listed in table II,
For the burst test the fitting shall

monitored with a mass spectrometer.,
be at room temperature for the corrosion resistant steel fittings and

meximum temperature for aluminum alloy fittings. Continuous monitoring

of leakage need not be performed if hydraulic fluid is used,
shall be raised at a rate of 20,000 + 5.000 psi per minute until burst

or leakage occurs, as indicated by changes in gage pressure.

Pressire

4,9.2 Thermal shock. Por gualification tests only straight tube
tittings shall be used. One half of the sampies shall be assembled at
minimum torque and the other half at maximum torque. A bellows-type
expansion chamber evacuated to a mass spectrometer shall enclose the
fitting. The net axial force exerted on the tube assembly by thermal
expansion or contraction of the bellows expansion chamber shall not

exceed 50 pounds.

-y
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The fitting assembly shall be keated to the maxisum temparaturc speciiied in
tabie II, and praonnrttcd for 5 minutes at the proof preassure, If leakags
does not exceed 7 » 10”7 stm cc/sac, the pressure shall be reduced to the
working pressure and the fitting shall be cooled to room temparatuyre,
Thereafter six thermal shock cycles, as specifiad in table V, shall be
performed. The pressure shall be held constant throughout the test at all
temperatures. Upon completion of the six thermal shock cycles, the pressure
shall be raised to proof preassure for 5 minutes,

TABLE V

Sequence of thermal shocks

Cycle number
1 2 3 4 5 6
Initial temperature RT RT RT 1/ Yy i
Intermediate temperature =320 =320 -320 RT RT RT
Cooling period,; min, 5-8 5-8 5~-8 5-12 | 5-12 | 5=-12
Final temperature RT RT RT 1/ 1/ 1/
Heatinrg period, min, 5-8 5~8 5-8 §=12 | 512 | S5-12

1/ 600°F for corrosion-resistant steel fittings; 20C°F for
aluminum=-alloy fittings.

4,9,3 Flexure. The flexure test may be conducted in one of several ways.

The preferred method is shown in figure 2, Any method may be used, provided
that the stress level indicated in table II is imposed and measured as
specified, the fitting is heated to the maximum temperature specified in
table II, and leakage is continuously measured with a mass spectrometer,

The stress level measured shall be the axial tensile stress, Measurement

of the stress shall be obtained by placing two strain gages, 180 degrees
apart, on the periphery of the tube in the plane of maximum stress. The

‘centers of the strain gage shzll be placed within 3/16 + 1/64 inch from the

back of the nut flange as indicated in figure 2, During the test, a constant
pressure equal to the working pressure noted in table II shall be imposed.
Frequency of flexing may be any rate from 30 to 60 cycles per second, One
half of the specimens shall be assembled with maximum torque and the
remaining half shall be asssmbled with minimum torque. Duration of the

test shall be 300,000 cycles or until prior fallure or leakage occurs. Upon
completion of the six thermsal shock cycles, the pressure shall be raised

to proof prassure for 5 minutes.

4.,9.3.1 Cantilever-beam method. Figure 2 showa the cantilever-beam
method applied to a tube union fitting, whereinr the flexural requirements
are obtajined by imposing a concentrated load on the free-swiveling end of
ths tube assembly, The opposite end (test fitting) is rigidly supported in
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a fixture, The motion of the free end shall be rotary and the accentric
shall be adjustable to obtain the desired stress level in the tube., Offset
distance (Q) shall be determined by actual stress measuremant after tha
tubing assembly is pressurized at room temparaturs.

4.9.4 Vibration. Tha vibration test shall be conducted in one of
several ways, One method is shown in figure 3, Any method may be used,
provided that the stress level indicated in table II is imposed and
messured as specified, and the fitting is heated to the maximum temperaturxe
specified in table II. Leakage may be monitored by variations im pressure
gage readings during the test. A mass spectrometer leak check shall be
performed upon conclusion of the test under static conditions and proof
presgure if failure does not occur during the test, The stress level
measured shall be the axfial tensile stress. Measurement of the stress shall
be obtained by placing.two strain gages, 180 degrees apart, in the periphery
of the tube in the plane of maximum stress, The center of the strain gage
shall be placed within 3/16 + 1/64 inch from the back of the nut flange as
indicated in figure 3. During the test, a constant pressure equal to the
working pressure noted in table II shall be imposed., Frequency of flexing
shall be at the lowest resonant frequency of the fitting and tube assembly
depending on the method selected. The specimens shall be assembled with
wininmum tightening torques only, Duratfion of the test shall be 300,000
cycles or until prior failure or leakage occurs. Upon completion of the
8ix thermal shock cycles, the pressure shall be raised to proof pressure
for 5 minutes,

4.9.,4,1 indeterminate-beam method. Figure 3 shows one method, wherein
the test arrangement is essentially an indeterminate beam, with concentrated
load at the center, mounted on a “shaker". Both supports shall provide
rigid clamping, Amplitude shell be determined statically, by measuring the
deflection at the center of the span caused by premeasured weights, required
to generate the required stress actually measured with strain gages after
the tubing assembly is pressurized at room temparature.

760905 chelted a.lembl!o

4,9.5.1 Minimum tightening. The tube and fitting assembly shall be
assembled and disassembled the number of times specified in 3.6,7 using thes
torque values specified in MS 27850. Torques shall be recorded and the
dimensions indicated in figure 4 shall be measured and recordad after each
disassembly. Each tightening operation shall first include the assembly of,
and then the complete removal of the seal from the flange seal cavitias in
the manner specified in MS 27850, A new seal shall be used for each
assembly., After each fifth tightening operation, the assembly shall be
subjected to the proof pressure for 5 minutes. The fitting shall then be
examined for structural damage with a 10-power lens (3.6,7). After the
final tigntening operation, the assembly shall be subjected to the burst
pressure test (4.9.1).
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Figure 5. Location of hardness readings for
aluminum-alloy seals
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Figure 6. Locaticn of hardness readings for
plated corrosion-resistant steel seals

74




MIL=F~27417(USAF)

4.9.5.2 Maximum tightening. The test specified in 4.9.5.1 shall be
performed using nev assemblea, with the maximum torques specified im
MS 27850,

4,9,6 Hardoeas.

4,9,6,1 Fittings. Hardness readings shall be taken on a smooth flat
surfaca of any unthreaded portion of flanges, forgings, or nuts except in
the sealing surfaces,

4,9.,6.2 Seals. For qualification two fittings shall be assembled
with the minimum torque specified in MS 27850. Microsections shall be
prepared along the longitudinal exis after which the fitting shall be
encased in an appropriste natrix, Knoop or equivalent hardness readings
shall be taken at the locations indicated in figures 5 and 6, The hard-
neas of the seals shall conform to those specified in table VI.

TABLE VI

Hardness at specified locations

Material Figure Location Maximum Knoop hardness
Aluminum 5 1 79 with 500-gram load
2
Stainless 6 3 150 with 500-gram load

steel ' 4

4,9,7 Grain flow in thresds. Grain flow in threads shall be deter-
mined by macroexamination. Specimens shall be taken from the finished part
by sectioning on a longitudinal plane across the threaded area. The speci-
ren shall be etched for sufficient time to reveal the macrostructure
sdequacy.

4,9,8 Crain structure., The microsections prepared in 4.9.6.2 for
hardness test of corrosion-resistant seals shall be examined at a 100
magnification for grain structure of the plating. There shall be no
crevices or inciplent crevices or cracks along the outer surface of the
plating at the grain boundary.

4,9.9 Sesl interface. The microsections prepared in 4.9.6.2 shali
be examined and the length of the seal interface shall be measured and
recorded, The length of the seal interface shall be at least G.01 inch
long as indicated in figures 5 and 6 and the restraining flanges shall be
free of distortion, gross deformation, or indentation,
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4.9.10 Adherence. The microsections prepared in 4,92.6.2 for corrosion-
resigtant ssals ahall be examined 2t & 100 msgnificacion for adherence
batwasn the basis metal and tha plating, There shall be no evidence of
nonadherence or incipient separation at any point along the entire finterface
between the basis metal and the plating.

4.9.11 Surface finish. All nonplated seals shall have a smooth, even,
uniform surface finish on the sealing surfaces not exceeding 32 microinches
AA as maasured by a Talysurf recorder or equivalent. Plated seals shall be
smooth, even, and uniform without the presence of pimples, blisters, beads,
nodules, flaking, or peeling. Thickness of the plating at the seal interface
prior to assembly shall be 0,003 inch + 0,0005, The thickness on ail non~-
sealing surfaces shall conform with MIL-P-27418. Slight discoloration due
to plating and post-annealing process is acceptable. Marks caused by the
electrical contactes sre allowed if located on noncritical surfaces as indi-
ceted in the applicable standards and 1f fiaking, peeling, or contamination
will not result after assembly (3.7).

5. PREPARATION FOR DELIVERY

5.1 Preservation and cleaning.

5.1.1 Preservation. No preservative compound shall be applied to the
fittings,

5.1,2 Cieaning., Before packaging, all parts shall be free from grease,
oil, dirt, or any othar foreign matter,

5.2 Packaging. Packaging shall be Level A or Level C, as specified
(6.2).

5.2.1 Level A,

3.2.1,1 Fitting unit containers. All fittings except nuts and seals
shall be unit packaged in accordance with Method IC~1 of MIL-P~116, except
as modified harein., The quantity per unit package shall be one, After
bagging, fittings greater than 3-1/2 inches in any dimension shall be indi-
vidually overpacked in cartons conforming to PPP-B-636, PPP=B~566, PPP-B~676,
or PPP-B-665. If it is necessary to wrap the fittings prior to inserting
in bags to prevent damage, fittings shall be wrepped with barrier materials
conforming to MIL-P-17667 or MIL-P=130.

5.2,1.2 Alternate unit 5rotectgon. Five fittings of one type and
size, up to and including 1-1/2 inches in any dimension, may be packaged
in perforated tear-apart cartons in accordance with Method III of MIL-P=-
116, Each carton shall have interior separations capable of supporting and
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separating each individusl fititing in such menner 3s to prevent movemsnt oy
contact of the fittings with each othor, All surfaces of the carten coming
in dirvect contact with tha item shall be of a type that will wnot foduce
corrosion and ba capnble of withstanding slight abrasiocn, Fittings over
1-1/2 inchas shall be psckaged individually in sccordance wich %,2,.1.1,

5.2.1.3 Nuts and seals, unit contalners. Nuts snd seals of one type
and size ghall be unit packaged in accordance with Method (f~l of MIL-P-116,

or in friction~top hermatically sealed cans conforming to PPP~C~96, Tha
quantity per unit conteiner shall be as specified in tsble VIX,

TABLE VII
Quantity per unit ceontainer
Size (inches) Number
1/8 to 1/2 100
S/8 to 1-1/4 25
1-1/2 to 3 5
over 3}

5.2,1.4 Fitting intermediate containgrs. Unit packages shall be

packaged {n {ntermediate containers conforming to PPP-B-636, PPP-B-566,
PPP=-B-676, or PPP~B~665. The quantity of unit packages per intermediate
container shall be as specified in table VIII, except thai intervediate
containers are not required for fittings individually packed in unit

cartons in accordance with 5.2.1.1,

TABLE VIIl
Quantity of packages
Juantity of Quantity of
unit packages tear-apart cartons
per intermediate per intermediate
Size (inches) container container
1/8 through 1/4 100 20
5/16 through 1/2 25 10
5/8 through 1 10 5
1-1/4 through 5 1
3-1/2
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$,2,2 Level C, All forgings, fittings, nuts, and seals ahall be
packaged as necessary to prevent damage or deterioration during shipment,

5.3 Packing. Packing shall be Level A, B, or C, as specified (6,2).

5.3.1 Level A. Fittings, packaged as specified herein, shall be
packed in overseas-type shipping containers conforming to PPP~-B~601,
PPP-B-621, PPP-B~585, PPP-B-591, or PPP-B=536. Shipping ~<ontainers, insofar
as poagible, shall contain the same number of articles, shall be uniform in
shape and size and snugly packed, shall be of minimum cube and tare consigtent
with the protection required, and shall contain identical quantities. The
gross weight of the fully packed exterior shipping container shall not
exceed 200 pounds except fiberboard containers, which shell not exceed the
velight Iimitations of the applicable container specification., Plywood, when
unged, shall be Type I or 1I, class 2, of NN-P-51i5, Strapping and closures
shsll be in acrordsnce with the appendix to the applicable container specifi-
cation, Containers conforming to PPP-B-585 or PPP-B-621 shall be provided
with a case liner conforming to MIL-L-10547, except the material shall conform
to MIL-B~13239, and shall be sealed in accordance with the appendix to
MIL~L~10547, No case liner is required when material conforming tc Clasas 2
of PPP=B=$35 1y used as an intermediate contaimer,

5.3.2 Level B, Fittings packaged as specified herein shall be packed
in Jomestic~type shipping containers conforming to PPP-B-~-636, PPP-B-585,
PPP-B--591, PPP=-B-60l, or PPP-B-521, Closures shall be in accordance with
the sppendix to the applicable container specification, Fiberboard, when
used, shall have & minimum Mullen teat of not less than 275 pounds., The
groes weight of the shipping container, when packed fcr shipment, shall not
exceed 200 pounde; fiberboard containers shall not exceed the weight limita-
tione specified in applicable container specification,

5.3, Level C. Packages which require overpacking for acceptance by
the carrier shall be packed in cormercial exterior shipping containers in a
wanner that will insure safe transportation at the lowest rate to the point
of dalivery. Containers shall be in accordance with Uniform Freight Clas-
sificacion Rules or regulations of other common carriers as applicable to
the mode of tramsportation,

5.4 Markipg of shipments. If tear-apart containers are used, each
section of the unit container shall be marked with the part number of the
item, In addition to any othe¢r special marking required by the contract
or order, merking for shipment shell be in accordance with MIL-STD-129,

6., NOTES

6.1 Intended use. Fittings MS 27850 through MS 27868 covered by this
specification are intended for use in rocket engine fluid systems (1.1).

78




BT ToPLroy R Agryss v

MIL-F=27417(USAF)

6,1,1 Sinca fittings of several wmaterials are described in this
specificstion, and various tube-~fitting materizl combinations can be
telacted for various systems, qualification approval of the product
specified herein approves the product only for use in such manner as
defined in cthe qualification tests.

6.1.2 Thase fittings were designed by a computer program which wmay
be used for optimizing fitting designs for other criteria. Contact the
procuring activity for further information.

6.2 Ordering data, Procurement documents should specify:

(a) 7Title, number, and date of this specification

{(b) Part no. required (1.2 end 3.4)

(c) Applicable levels of preservation, packaging, and
packing (5.2 and 5,3).

6.3 Qualification, With respect to products requiring qualifica-
tion, swards will be made only for such products as have, prior to ths
time sat for opening of hide, been tested and approved by the Air Force
Rocket Propulsion Laberstory, whether or not such products have actually
been so listed by that date, The attention of the supplisrs is called
to this requirement, and manufacturers are urged to arrange to have the
products that they propose to offer to the Federal Government tested
for qualification in crder that they may be eligible to be awarded
contracts or orders for the products covered by this specification.

The activity responsible is the Air Force Rocket Propulaion Laboratory.
Information pertaining to qualification of products may ba obtained
from the Air Force Rocket Propulsion Laboratory.

Cugtodians: Preparing Activity:

Air Force - 12 Alr Porce - 12

Review activities:

Alr Force - 11, 14, 19, 69, 85

Civilian Agencies Interest:

NAS

Reviewer/user information is current as of the date of this jocument. For
further coordination of changes to this document, draft circulation should

be based on the information in the current DoD Index of Specifications and
Standards.
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